
THE JOURNAL us 

OF 

EXPERIMENTAL MEDICINE 

EDITED BY 

SIMON FLEXNER, M.D. "PEYTON ROUS, M.D. 


VOLUME 52, No. 1 


JULY 1, 1930 



Copyright, 1930, by The Rcckepeeixr Institute tor ^Iedicae Research 


EnlcTcd as sccondclass matter June 3, 1916, at the Post Ofiocc at Baltimore, Md., under the act of March 3, 1897. 
Accepted for^mailing at spcdai rate of postage provided for in section 1103, act of Octobers, 1917. 

, Authoriaca June 29, 1918. 


Made in {he Untied Stales of Avienca 



PUBLICATIONS OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

THE JOURNAL OF EXPERIMENTAL MEDICINE 

Edited by 

Simon Fij^nner, M.D. Peyton Rods, M.D. 

The Journal of Experimental Medicine is designed to cover the field of experimental medicine 
Information rcganling contributions and subscriptions is given in full on the back cover. 


THE JOURNAL OF GENERAL PHYSIOLOGY 
Edited by ' 

. W. J. CrOZIER W. J, V. OSTERHODT JOEtN H. NORTHROl 

The Journal of General Physiology is devoted to the c.xplanation of life phenomena on the basis oi 
the physical and chemical constitution of living matter. It is issued bimonthly, one volume of about 
600 pages appearing in a j'c.ar. The subscription price per year (one volume) is $5.00, payable in 
advance. Single copies cost Sl.OO. Remittances should be made by draft or check on New York, or by 
postal money order, payable to The Journal of General P/iyrm/ogy, Mount Royal and Guilford Avenues, 
Baltimore, Md., or York Avenue and 66tli Street, New York, N. Y. 

STUDIES FROM THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

The published results of investigations conducted at tlie Institute, or under its grants, are repub- 
lished at irregular interi'als in volumes designated Studies from The Roekcfcllcr Institute for Medical 
Research. The subscription price is $2.00 per volume, payable in advance, A special rate of Sl.OO per 
volume is made to those who subscribe to The Journal of Experimental Medicine, or The Journal of 
General Physiology. Remittances should be made by draft or dieck on New York, or by postal money 
order, paymblc to The Rockefeller Institute for Medical Research, York Avenue and 66th Street, New 
York, N. Y. 

An Index for Volumes 1 to 25 and one for Volumes 26 to 50 have been published. 

SEMIANNUAL LIST 

The Institute publishes a Semiannual List of all papers by members of the stall and those working 
under grants from the Institute, stating the title and place of publication of these reports. The Semi- 
annual List will be sent regularly upon application. 


MONOGRAPHS OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARG 

Under the head of Monographs of The Rockefeller Institute for Medical Research are published fro 
time to time scientific papers wliich are so extensive, or require such elaborate illustrarions, as to ren 
them unsuitable for current periodical issues. The Monographs are published at irregular peno 
determined by the available material on hand. A number of free copies, which may be or e 
according to the size of the Monograph, are given to the author. Monographs will be sent post pai o 
application, payable in advance. Remittances should be made by draft or check on 
postal money order, pay.able to The Rockefeller Institute for Medical Research, Yor' venue 
66th Street, New York, N. Y. 

*No. 1. Simon Flexner, J. W. Jobbing, and Maud L. Menten. Experimental studies on 
Plates 1-28. (Issued June 30, 1910.) Price, $1.00. 


*Out of print. 


WAVERLY PRESS 
Baltdioee, U. S. a . 



REACTIONS OF RABBITS TO NON-HEMOLYTIC 
STREPTOCOCCI 

III. A Stody of Modes of Sensitization 

By C. L. DERICK, M.D., C. H. HITCHCOCK, XI.D., act 
HOMER F. SWIFT, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, April 3, 1930) 

In previous papers fl, 2 ) we have described the various types of 
tissue response of rabbits to inoculation with non-hemol3ri;ic strepto- 
cocci. It was shown that reactions following reinfection were con- 
ditioned by the route of the original inoculation: if it had been into 
the tissues — especially into the skin — the subsequent reaction was that 
of hypersensitiveness, or hyperergy; if into the blood stream, it was 
that of immunity. For the sake of completeness two other types 
of reaction were recorded: that of normal animals, which in the 
majority of instances was followed by a secondary reaction, and that 
of cachectic rabbits, in which inoculation resulted in a soft, pale lesion 
smaller than that of normal animals, and not followed by a secondary 
reaction. 

Variability in the response of apparently normal rabbits to inocula- 
tion with streptococci is well recognized; and because of this some 
investigators feel that this species is unsuitable for the study of ex- 
perimental streptococcus infections. Under ordinary e^erimental 
conditions this factor necessitates the introduction of a sufficient 
number of animals into each experiment to permit of conclusions on a 
statistical basis. While such a basis is always requisite in biological 
research the advantages of having to depend upon it as little as possible 
are obvious. 

During our investigations the desirability became more and more 
evident of ascertaining the best method of rendering a large majority 
of rabbits satisfactorily h3q)ersensitive to non-hemol3rtic streptococci 
in the shortest possible time. This communication ^ves the details of 
some of the experiments planned with such an end in view. 
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EXPERIMENTAL 

Both grccn-produdng and indifferent strains of non-hemolytic streptococci of 
previously demonstrated sensitizing capacity have been used. From an original 
stock culture, preserved in the frozen and dried state, sub-stocks in rabbits’ blood 
broth were prepared everj' 6 to 10 weeks. As the work progressed it seemed that 
old stock cultures in blood broth gradually lost their sensitizing capacity; more 
recently, therefore, the blood broth stocks have been renewed from the dried 
culture every 4 to 6 weeks. The inoculum for the animals was a culture grown 
for from 18 to 24 hours in 2 per cent rabbits’ blood broth to which 0.05 per 
cent dextrose was added. Both Douglas trjTJtic broth and beef infusion 
broth have been used. If the sediment of more than 0.1 cc. of whole culture 
was to be injected in one place the culture was centrifuged and sufficient of 
the supernatant fluid was discarded so that 0.1 cc. of the residue represented 
the amount of growtli selected for injection; 0.1 cc. of whole culture was 
injected if that was the quantity desired: and in the case of the smaller 
inocula the culture was diluted with broth or Ringer’s solution so that 0.05 cc. 
represented the amount injected. It was found that the intracutaneous injection 
of 0.05 cc. of some samples of broth gave early evanescent, edematous lesions 
in some highly sensitized rabbits and occasionally in normal controls; but 
these lesions never became indurated as did those following injection of culture. 
Dilution of the culture with Ringer’s solution did not give rise to these false reac- 
tions; hence only this diluent has been employed recently. All skin lesions were 
measured daily until marked diminution in size was evident, and the volumes were 
estimated as previously described (1). The ophthalmic and lethal tests were 
carried out as previousl}’’ noted (1); the dose of culture employed for the lethal 
test was the centrifugate of 4 cc. of blood broth culture per kilogram of rabbit. 

. To obtain as nearly uniform conditions as possible animals of cor- 
responding weight and color were distributed among the different 
groups. During the past year we have found that Cliinchillas and 
New Zealand Reds have more consistently become hypersensitive 
after intradermal inoculation and, on the whole, have had more suit- 
able skins; hence these varieties have been used when obtainable. 

Att em pts were first made to determine winch was the most effica- 
cious in sensitizing animals: one, two or four intracutaneous injec- 
tions, each with the sediment of 5 cc. of culture. Lesions produced 
with such large doses frequently broke down and discharged their 
contents within a few days. Another disadvantage in injecting such 
large doses was the failure, at times, of the resulting lesions to show 
clear-cut secondary reactions, whereas those produced by 10“^ cc. 
or 10~* cc. in the same animals gave distinct evidence of such reactions. 
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Witli equivocal secondary reactions in animals treated with large 
inocula alone it was necessary to resort to ophthalmic and lethal tests 
to ascertain tlie state of reacti^'ity. In two or three different experi- 
ments the results were so variable that no satisfactory conclusions 
could be drawn from tlie exclusive use of these large inocula. It was 
then obseiwed that rabbits became increasingly sensitive following 
initial intracutaneous inoculation with the sediment of 5 cc., 1 cc., 
10"* cc., and 10“- cc. of blood broth culture if they subsequently re- 
ceived repeated injections of 10“i cc. and 10~= cc. at 10-day intervals. 
In carrying out this procedure so many areas of skin were inoculated 
that little remained available for subsequent observations; hence it 
became desirable to devise other modes of sensitization in which less 
cutaneous damage was inflicted. 

Experiment 1 . — ^Eighteen rabbits were each inoculated intracutaneously in five 
areas with the sediment of Culture VllOA/0/13, as follows: 5 cc.,5 cc., 10“^ cc., 
10"* cc., 10“^ cc. They were then divided into three equal groups. A, B and C. On 
the 8th day each animal of Group A received a subcutaneous focus of 5 cc. of agar 
infected with the sediment of 5 cc. of culture. The animals of Group B were inocu- 
lated intramuscularly with 10“^ cc. and 10"® cc. from a similar culture every 5 da>-s 
from the 5th to the 40th day, and those of Group C with the same doses intra- 
cutaneously. The degree of skin reactivity of Group A animals was tested with 
10"* cc. of culture on the 1st, 15th, 25th, 35th and 40th days, and that of the 
animals in the other two groups on the 1st, 10th, 20th, 30th and 40th days. The 
ophthalmic test was applied to the right eye of all animals on the 13th day and to 
the left on the 43rd day. During this interval one rabbit from each Group B and 
C had died. On the 48th day all of the animals except two of Group A received a 
subcutaneous focus of 5 cc. of agar infected with sediment from 5 cc. of culture of 
Streptococcus VI 10 A. Six fresh rabbits comprising Group D received similarly 
infected agar foci. All animals were then allowed to go untreated until the 101st 
day, an interval of 53 days, when their right eyes were retested in the usual manner 
and their skin reactivity to inoculation with 10"* cc. of homologous culture was 
measured. The comparative intensitj' of the cutaneous reactions to 10"* cc. of 
culture is shown in Chart 1, and that of the ophthalmic reactions is shown in 
Table I. 

Tbe results clearly indicate that after the animals had been rendered 
hypersensitive by means of the initial skin inoculation the condition 
was satisfactorily maintained when an infected focus was present. 
At that time, however, we did not appreciate the influence of repeated 
intracutaneous test inoculations with 10"* cc. of culture in maintainine 
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Chart 1. Comparative intensity of cutaneous reaction in rabbits sensitized 
in different manners. 

the hypersensitive state (see Experiment 2). Yet the animals of 
Groups B and C also received similar small intracutaneous inoculations 
repeatedly at 10-day intervals concomitantly with the course of 



C. I,. DKRICK. C. II. HITCTICOCK, AND HOMER T. SWIFT 5 

10“' cc. and lO"* cc. doses, without, developing a comparable degree of 
hv-pcrscnsitivencss. Indeed, it seems probable from tire appearance 
of the cuTA-es of Group C that the repeated intracutaneous inoculation 
with these larger doses maj’ have resulted in a temporary diminution 
of sensitiveness at about the 20th day. This opinion was confirmed 
by a parallel diminution in the size of the cutaneous lesions resulting 
from inoculations witli l0-‘ cc. and lO"- cc. of culture. Other experi- 
ments have shown a similar wave-like variation in intensity of reac- 
tions in animals rccei\nng repeated intradermal inoculations of large 
doses of Sircplococcus viridans. 

In this e.xperiment the skin lesions resulting from 10"^ cc. inocula 
were usually as large after the third and subsequent inoculations 
as were those produced by the sediment from 5 cc. at the time of the 
original inoculation. It is possible that these large cutaneous fod 
containing much necrotic tissue and many bacteria may have had 
less sensitizing effect tlian the smaller areas produced by 10~* cc. of 
culture. This posdbility is rendered more probable from com- 
parative consideration of Group B . These animals, although receidng 
the major portion of the inocula into their lumbar musdes, always 
showed cutaneous lesions at the ate of the needle puncriires; lesions 
that were often of the same size as followed intracutaneous inoculation 
with 10~^ cc. of culture. They, therefore, were under the sensitizing 
influence of two small intracutaneous inocula every 5 days and of three 
similar additional ones ever>’- 10 days. Under these combined mus- 
cular and cutaneous lesions, however, the animals seemed to remain at 
a constantly lower level of sensitiAuty than existed in Group A, where 
the repeated sensitizing cutaneous stimuli were very small. 

At the end of 6 weeks the average cutaneous and corneal sensitive- 
ness of Group A was distinctly greater than at the end of the 2nd 
week, and also higher than that of Groups B and C, in which it was 
relatively the same as in the 2nd week. WTiile on the 13th day none 
of the Group C animals gave a positive ophthalmic reaction, one did 
so by the 7th week (see Table I). 

The effect of an infected agar focus implanted on the 48th day was 
to maintain or increase the comeal sensitiveness of nearly aU the 
^imals by the 101st day, even though the cutaneous reactivity of 
Groups A and C had fallen off to a certain degree. It is tme that the 
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TABLE I 


Comparative Iittciisiiy of Ophthalmic Reactions in Rabbits Sensitized in 

Different Manners 
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right eye, which had been inoculated on the 13th day, was the one 
tested on the 101st day and the c(Tcct of this first inoculation must be 
considered. But among eight of the surviving animals in which the 
first inoculation of the right eye did not result in keratitis, the second — 
on the 101st day— was followed by distinct and intense reactions 
(see Table I). 

These reactions, moreover, appeared promptly as compared with 
those of Groups D and E. Group D animals had been sensitized 53 
days previously by an infected subcutaneous agar focus, without any 
preliminary cutaneous inoculations. Only one-half of this group 
developed positive ophthalmic reactions at all, and these were all 
weaker than in the first three groups, and were also slower in appearing. 
The members of Group E were introduced for the first time at the end 
of the experiment, to serve as controls of the activity of the culture 
at that time; like the animals of the other groups they received intra- 
cutaneously 10~‘ cc., 10“^ cc., and 10"^ cc. of culture on the day their 
comeae were inoculated. Two developed secondary cutaneous reac- 
tions and shortly afterwards showed weak but distinct ophthalmic 
reactions. These two animals illustrate well that for the development 
of keratitis a state of h 3 ^ersensitiveness is necessary; for even though 
their eyes were inoculated early, they showed comeal lesions only 
after the development of this state as indicated by the secondary 
reactions. The five groups of animals show clearly, as judged by their 
ophthalmic reactions, how variations in the degree of h 3 ^ersensitive- 
ness may be conditioned by differences in the method of previous 
inoculation. 

Experiment 1 indicated that in most rabbits a high degree of hyper- 
sensitiveness could be obtained in 35 to 40 days by the following 
method: initial inoculation of several large doses of green streptococci, 
followed by the introduction of a single infected agar focus, and 
thereafter by repeated intracutaneous inoculations with lO"^ cc. of 
culture at 10-day intervals. In two subsequent experiments carried 
out in almost the same manner, but without skin testing every 10 
days, such a satisfactory degree of hypersensitiveness was not ob- 
tained. In fact the proportion of highly sensitive animals was very 
disappointingly small. The only differences between the two series 
of experiments consisted in the absence of small intracutaneous 
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inoculations every 10 days in the second, and in the seasons of the 
year in which the two were carried out. Variations in sensitizing 
capacity of culture must also be considered. 

Experiment 2 was therefore planned to determine whether one 
infected subcutaneous agar focus, or multiple intracutaneous foci 
from repeated single inoculations with 10“^ cc. of culture every 10 
days, or a combination of the two, was most effective in maintaining 
the hypersensitive state. 

Experiment 2 . — Each of 64 rabbits was inoculated intracutaneouslj" with the 
sediment of 5 cc., 5 cc., 10“^ cc., and 10~'‘ cc. of blood broth Culture VllOA/0/6. 
On the 8th day they were divided into four groups. Into each animal of Group A 
(27 rabbits) and Group B (25 rabbits) was placed a subcutaneous focus of 5 cc. of 
melted agar inoculated with the sediment of 5 cc. of 24-hour blood broth culture. 
Groups C and D, containing 6 rabbits each, received no agar foci. Groups A and 
B were larger because it was hoped by production of agar foci to obtain many 
highly senbitive animals for a subsequent experiment. On the 11th day the right 
cornea of each rabbit was inoculated in the usual manner. The number and 
percentage of positive ophthalmic reactions is indicated in Table II. The propor- 
tion of animals in Groups A, B, and D, which developed secondarj'^ reactions was 
approximately the same; but Groups A and B had a much higher proportion of 
positive ophththalmic reactions than did Groups C and D. It seemed, therefore, 
that the implanting of agar foci at the time when the animals were becoming 
hypersensitive increased the sensitiveness of the eyes; this is a confirmation of 
similar observations in Experiment 1. The animals of Groups A and C were in- 
oculated intracutaneously with 10“^ cc. of homologous culture on the 1 1th, 21st and 
31st days. On the 42nd day the left eye of all the rabbits was tested, and aU 
nnimals received 10"^ cc. of culture intracutaneously. The volumes of the result- 
ing skin lesions were computed from daily measurements; the average for each 
group is given in Table II. Five days later the cutaneous reactivity of all the 
rabbits was again tested with 10“^ cc. of each of two cultures, one of which had 
been grown from an old blood broth stock preserved in the ice-box, while the other 
had been inoculated from a stock recently derived from the original frozen and 
dried material. The lesions induced by these two cultures were quite comparable 
in size; the average voliune is recorded in Table II. 

At the end of 6 weeks each of the four groups had been subjected to 
different sensitizing conditions. In so far as the secondary reaction 
is an indicator of sensitivity all groups on the 11th day seemed to be 
about equally hypersensitive; but the eye test showed that Group D 
was less so than the others. While at this early period only one 
animal of Group C had developed a marked, and one a slight, keratitis, 
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three subsequent intracutaneous injections of lO"* cc. of culture at 
10-day intervals apparently so increased the comeal h5q3ersensitive- 
ncss of animals of this group that when tested on the 42nd day, three 
developed strongly positive ophthalmic reactions. In Group A, on 
the other hand, the degree of corneal sensitiveness was found to have 
decreased, even though the animals had received the same intra- 
cutaneous treatment as those of Group C. But by contrast the 

TABLE n 
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continual sensitizing effect of these small repeated inocula is illustrated 
in Groups B and D, in which they had been omitted: Group B on 
the 42nd day gave approximately one-third the number of positive 
eye reactions that it did on the 11th day, and Group D failed entirely 
to develop sufficient hypersensitiveness for demonstration by the 
ophthalmic test. The comparative intensities of the skin reactions 
in the various groups on the 42nd and 47th days also showed that the 
repeated production of cutaneous fod with only 10~^ cc. of culture 
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was more favorable for the continuation of the hypersensitive state 
than was the production of a single subcutaneous agar focus. The 
stronger reactions of all of the animals on the 47tli day as compared 
with the 42nd indicate either that the culture used for testing was more 
potent or that the animals were more reactive. As the two different 
cultures used for testing on tlie 47th day gave reactions of approxi- 
mately the same intensity, it is probable that the cutaneous sensitivity 
of all of the rabbits had been elevated by the small cutaneous inocula- 
tion 5 days previously. The experiment in all of its phases indicates 
clearly that after animals are made hypersensitive, this state can be 
continued or increased by cutaneous foci induced by doses of strepto- 
cocci which are incapable of stimulating macroscopically visible lesions 
in normal animals. 

In practically all previous experiments it had been assiuned that a 
first inoculation of the sediment of 5 cc. of culture was necessary for 
the development of the hypersensitive state; in other words, that a 
large amount of bacterial substance was the important factor in 
. giving the initial impulse. But control groups in a number of experi- 
ments, such as Group E in Experiment 1, had shown that distinct 
hypersensitiveness might follow the production of three lesions with 
10“^ cc., 10~^ cc. and 10“^ cc. of culture respectively. Moreover, in a 
comparison of the sensitizing capacities of a large nmnber of strains 
of indifferent streptococci (3) it was foimd that nine small lesions often 
led to a marked degree of hypersensitiveness. It seemed advisable, 
therefore, to determine whether the total dosage of streptococci in- 
jected intracutaneously or the number of lesions produced was the 
more important in inducing a condition of hypersensitiveness, pro- 
vided the lesions were all made at one time. 

Experiment 3 . — Five groups of 4 rabbits each were inoculated intracutaneously 
in a varying number of places with different doses of indifferent Streptococcus 
Q186A/0/6, as shown in Table III. The number of lesions varied between 1 and 
11 and the total dosage was the centrifugate of either 0.222 cc., 5.0 cc., or 5.222 cc. of 
a 20-hour blood broth culture. AU of these lesions were measured daily to detect 
secondary reactions; and on the 14th day the comparative hypersensitiveness of 
the animals was tested with intracutaneous inocula of 10“^ cc., 10“^ cc., and 10"® cc. 
of a homologous culture, and the ophthalmic test was applied to each. A new 
group (F) of normal controls was introduced at this time to test the activity of 
the culture. 
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Two rabbits of Group A sickened of B. lepiseplicum infection; hence 
comparison with the others is somewhat vitiated. But the two sur- 
vivors developed secondary reactions, and showed lesions on reinfection 
comparable with those of the other groups, iloreover, the results of 
the rest of the experiment do not indicate that these Group A animals 
would necessarily have been less sensitive than any of the others. 
Group E, the members of which received only a single injection of 5 cc. 
of centrifugate, was the most poorly sensitized. Group C, on the 
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* Only 2 rabbits of Group A survived until the 14th day. 
** Figure indicates average for the group. 


other hand, which reedved approximately only l/20th of the dose 
used in the other animals but divided amongst six areas, developed 
hypersensitiveness in as many members as either Group B or D. 
The latter group, however, showed the largest lesions following 
reinoculation. 

The culture used in this experiment was capable of producing in 
normal animals lesions about 1 cm. in diameter with doses of 10~^ 
cc., but no macroscopic lesions with 10'* cc. In other experiments 
it has been observed that unless a particular strain could evoke fair 
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sized lesions with doses of at least 10“^ cc. or 10“" cc. it was practically 
useless in eliciting secondary reactions or in inducing a state of hyper- 
sensitiveness of sufficient intensity to be detected by the ophthalmic 
test. One may conclude, therefore, that if with any suitable strain 
lesions of about 10 mm. diameter are produced by relatively small 
doses, a number of these small lesions will more readily induce a 
h 5 rpersensitive state in rabbits than will a single lesion made by 
injecting a much larger quantity. 

The demonstration that intracutaneous injection of non-hemolytic 
streptococci at 10-day intervals, in doses 1/lOth the size necessary to 
produce minimal macroscopic lesions in normal animals, either main- 
tained or enhanced the h 3 q)erergic state in rabbits already somewhat 
hypersensitive, made it appear that possibly it was the amount of 
tissue injured in a peculiar manner rather than the quantity of bac- 
terial substance which furnished the direct stimulus for hyper- 
sensitization. 

The time (30 to 60 days) required by this method to render the 
animals sufficiently hypersensitive for further experimental procedures 
made it desirable to determine whether the same principle might not 
be applied to secure a more rapid sensitization of the animals. 

Experiment 4 . — The microorganism, P64, used in this experiment, was a green- 
forming streptococcus, which in doses of 10“” cc. of blood broth culture induced in 
normal rabbits lesions of 10 to 15 mm. in diameter and about 1 mm. in height; 
these usually persisted for 1 to 3 days. Macroscopic lesions were usually not vis- 
ible at the site of 10“^ cc. inoculation; but at the sites of injection of 1 cc. and 10~^ 
cc. there occurred long tracking zones of redness and edema which gradually 
disappeared, and left areas in which secondary reactions were most likely to occur. 
Each rabbit of two groups was inoculated intracutaneously with 1 cc., W~^ cc., 
10“® cc., and 10“® cc. of a 24-hour blood broth culture. Group A animals were 
simply observed in the usual manner; but those of Group B received during the 
next 2 weeks 11 injections each of 10~® cc. of similar cultures; these inoculations 
were made daily with the exception of the 6th and 13th days; and each resulting 
lesion was measured daily until it diminished in size. On the 15th day the oph- 
thalmic test was applied to the left eyes, and on the 22nd day all of the rabbits 
w’ere inoculated intravenously with the sediment of equivalent amounts per kilo 
body weight of 24-hour blood broth culture. The results are summarized in 
Table IV. 
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It is obvious that daily inoculations for 2 weeks induced distinct 
hjfpersensitivencss in all of the Group B animals, while those of Group 
A receisdng merely the original inocula failed to become sufficiently 
sensitive to respond to any of the three tests used to detect this state. 
It is not to be e.vpected that such a dear cut difference between the 
two groups would always appear, for with other strains a considerable 
degree of hj'persensitiveness has often been induced in some a ni mals 
by a single series of inoculations similar to or smaller than that used 
in Group A. With this strain, however, we were fortunate in obtain- 
ing conditions favorable for the illustration of the advantage of the 
added daily inoculation of small doses. 


TABLE IV 

Comparative Sensitizing Effect of Initial Inoculum and a Similar Inoculum 
Followed by Daily Inocidalion 


Group 

Rabbit 

No. 

Secondary reaction 

Reaction from JP-r cc. 
inooilatioa 

15th 

day 

ophthal- 

mic 

reaction 

22cd 

day 

lethal 

reac- 

tion 

KP’ce. 

lO-tcc. 

Besnn 

Manmum 1 

A 

R2I26 

0 

0 






R2127 

0 

0 

• . . 

> . . 

0 



R2129 

0 

0 

... 

... 

0 

I ^ 

B 

R2I30 

± 10th day 

“i — 1 — 12th day 

4th day 

lOth day 

4-4- 



R2131 

4- 12th day 

7th day 

3rd day 

9th day 

4-4- 



R2132 

++++ 12th day 

15th day 

4th day 


> 

S* 


* Sick, but recovered. 


Another point brought out in this experiment was the early onset of 
hypersensitiveness, detected by measuring the 10"^ cc. lesions in 
Group B (see Chart 2). Whereas the first two or three areas inocu- 
lated with this dose showed little or no gross evidence of infection, 
those following the third or fourth inoculation developed distinct 
maculopapules, and each subsequent injection induced a lesion of 
greater volume than the previous one. The matimum reaction 
occurred in areas inoculated on the 9th or 10th days, or about the time 
of appearance of the secondary reactions at the sites of the original 
larger inoculations. Then the intensity of the reactions following 
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reinoculation seemed to diminish somewhat, a suggestion tliat an 
“immune state” was being superimposed on the pre-existing hyperergic 
condition. Similar diminution in reactivity has been observed by 
Julianelle (4) in sensitizing rabbits with pneumococcus vaccines. 

Still another advantage is suggested for this mode of sensitization. 
The recording of the amount of reaction occurring at the site of each 
reinoculation discloses, by the end of tlie first week, the probable ca- 
pacity of the animal to develop a satisfactory state of hypersensitive- 



Chart 2. Volume of lesions resulting from daily inoculation with 10~^ cc. of 
Streptococcus P64. 

Double lines indicate time of appearance of secondary reaction at site of original 
inoculations. 

ness. This point is brought out by comparing Rabbit R2132 with the 
other two of the group (see Chart 2). The degree of reaction was slow 
in increasing, and was always small as compared with that of the other 
two animals; the secondary reaction was correspondingly slow in 
developing; the ophthalmic reaction was equivocal; and intravenous 
inoculation merely caused the animal to sicken without leading to 
death. In subsequently applying this mode of sensitization we have 
been able to determine within 7 to 10 days that certain animals were 
showing the cachectic type of response or failing to become satis- 
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factorily hj-persensitivc, and thus to eliminate them from any series 
to be used for comparative studies. 

From Experiment 4 it was not clear whether daily inoculations 
with small doses of streptococci for 2 weeks without the initial larger 
inocula might not have been as efBcacious as the two combined; hence 
additional experiments were performed to answer this question. 

Experiment 5. — Streptococcus YU0.\ was used as the sensitizing strain. The 
animals of Groups A and B were inoculated in a manner similar to those in Experi- 
ment 4; but those of Group C received only daily inoculations of 10”® cc. amounts 
over a period of 2 weeks. Ophthalmic tests did not reveal sharply defined differ- 
ences amongst the various groups; but in this experiment, as well as in Experiment 
4, the findings at autopsy after comparable intervals following lethal tests showed 
the most severe and widespread lesions in animals of Group B, which had received 
daily small inoculations in addition to an initial series of larger doses; the members 
of Group C, which had been sensitized with daily inoculations alone, showed some- 
what more extensive lesions than those of Group A which had received simply the 
initial inoculations. 

Comparison of the average volumes of the reactions from repeated 
10~® cc. inocula showed that in the 2-week period the animals of Group 
B had somewhat larger lesions; hence one may conclude that in this 
period the strong initial stimulus combined with daily inoculation was 
more efficacious than the daily small inoculations alone. 

Experiment 6 . — In Experiment 6 the reactions to daily inoculation of 10”® cc. of 
blood broth culture of Streptococctis viridans VllOA were followed for 4 weeks. In 
Group B initial inocula of 1 cc., lO”*- cc., and 10”® cc. were given; in Group C these 
were withheld, while in both groups single daily injections of 10”® cc. were made. 
The average of the two groups is shown in Chart 3. 

In all animals a wave-like rise and fall of cutaneous reactivity was 
observed. The curve rose most rapidly in the first 10 or 12 days; 
then there was a fall followed by a second peak about the 20th day, 
following which a second faU occurred.® All animals of Group B then 
showed a stationary or falling trend; in one this was very marked as 
though the animal were becoming “immune.” It was impractical 
to carry the experiment further because most of the good available 

® A somewhat similar wave-like variation in reactivity to repeated intracutaneous 
inoculation is recorded by Eirause and Willis in tuberculous guineapigs {Am. J. 
Tuberculosis, 1926, 14, 316). 
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skin had been utilized. This experiment demonstrates, however, that 
a high degree of sensitivity can be attained by repeated daily inocula 
of relatively small doses of non-hemolytic streptococci, when carried 
out over a prolonged period. 



Chart 3. Comparative intensity of reactions at site of daily inoculations of 
10~^ cc. of Streptococcus VllOA. 

Solid line, Group B received original inoculation of 1, 10"^ and 10"* cc. 
followed by daily inoculation of 10“® cc. Broken line, Group C received daily 
inoculation of 10~® cc. onl)\ 

The tendency for the lesions to be less marked during certain 
periods in animals receiving daily inocula suggested that possibly the 
hypersensitive state might be temporarily depressed as a result of too 
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frequent inoculation; and in addition Experiment 2 suggested tihat 
after a certain degree of hypersensitivity had been attained, less 
frequent inoculations would serve to maintain or heighten this condi- 
tion, Experiment 7, therefore, combined certain features of the two 
methods. 


TABLE V 

Comparison of Degree of Ilyperscnsilkeness of Corneae after 2 and 9 Weeks 


No. anioals 

Strain 

i 

After 2 weeks* sensitisation. 
Ophthitlmlc r^ictioQ 

After 7 weeks' additional sensitization 
ICh* cc and cc. each week 

Ophthalmic reaction 

Lethal 

test. 

No. died 

■ 

tfe 1 

•f to 

■ 

xfe 

•4- to 
+4*4-4- 

3 

QI55 

... 

1 

2 j 

B 

n 

2 

2« 

3 

Q167B 

3 

. • • 

. • . 

1 

... 

2 

3 

2 

RI 

2 

• • • 

... 

1 

... 


2 

4 

R9 

. . • 

2 

2 


... 


4 

2 

RF156 

• - . 

• • • 

2 

. . . 

... 


2 

3 i 


3 

* • • 

• • • 

2 

... 


0 

3 

A49 

1 

2 

... 

... 

... 

! 3 

' 3 

Total, 20 


9 

5 

6 

4 

1 

15 

16 

Percent 


45 

25 

30 

20 

5 

75 

80 


* The other animal of the group rendered very sick, but recovered. Autopsy 
findings showed typical changes. 


Experiment 7 . — Seven different strains of streptococci, six indifferent and one 
green-forming, were employed; each rabbit received but a single strain, with a 
distribution of strains among groups as shown in Table V. The inoculation on 
the first day consisted of 1 cc., 10“* cc., 10“® cc., and 10“® cc. of blood broth culture; 
thereafter daily inocula of 10“® cc. were given for 2 weeks, at the end of which time 
the right corneae were inoculated with homologous streptococci. For the next 
7 weeks each animal received 10*® cc., and 10*^ cc. of homologous culture every 7 
days. The left eyes were then tested; and 1 week later all animals were inoculated 
intravenously with the usual lethal test dose of the homologous strain. The 
results are summarized in Table V. 

It is evident that the 7 weeks’ additional treatment greatly increased 
the hypersensitiveness of the entire group. While somewhat more 
than one-half of the animals showed some degree of comeal sensitivity 
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at the end of 2 weeks, in one-fourth it was only slight. Seven weeks 
later, however, the number of strong ophthalmic reactions had more 
than doubled. The lethal test, moreover, indicated that all of the 
animals except those inoculated with Strain RF162B had been rendered 
very hypersensitive by the prolonged treatment; this was a much larger 
number of positive lethal reactions than would have been expected at 
the end of 2 weeks in a group of animals showing so few strongly 
positive ophthalmic reactions. In fact, if the animals inoculated with 
Strain RF162B be deleted from the experiment, and the one severely 
but not fatally shocked animal of the Q155 group be included, it can 
be said that aU of the rabbits inoculated with six of the strains showed 
at the end of 9 weeks marked general h 5 Tpersensitivity. The RF162B 
group illustrates the necessity of employing suitable strains in order to 
obtain satisfactory sensitivity, for although these animals were treated 
in identically the same manner as the others, their skin reactions were 
always poor and none of them was rendered sufficiently sensitive to 
sicken after intravenous inoculation. 

DISCUSSION 

Several interesting points have emerged during the progress of this 
work. At the beginning it was thought that the degree of hyper- 
sensitiveness would be more or less proportional to the size of the 
initial dose. This was to be expected from the work of Roemer (5) 
Krause (6) and others on h)Tpersensitiveness in experimental tuber- 
culosis, and of Bloch (7) and his co-workers in trichophyton infec- 
tions. But it soon became evident that, within certain limits, the 
initial production of multiple lesions with smaller doses of non-hemo- 
lytic streptococci was more likely to lead to marked hypersensitivity 
than that which followed a single lesion induced by larger amounts; 
furthermore, the most satisfactory hypersensitiveness followed re- 
peated inoculations with small doses of the microorganisms. In a 
number of instances these doses were too small to induce macro- 
scopic lesions in normal animals. 

The results of infection of animals with single inocula of non- 
hemolytic streptococci and with tubercle bacilli are not exactly com- 
parable. In the first instance, as the microorganisms are so quickly 
killed they do not multiply long at the site of inoculation and are dis- 



C. L. DERICK, C. n. HIxaiCOCK, AND HOSIER E. SWIFT 19 

serainatcd to other areas for only a short time. In the second case they 
grow and arc carried to distant organs, where they again increase and 
produce lesions; hence in the first instance relatively few local lesions 
are produced, while in the second case multiple and disseminated 
injuries occur. Repeated small inoculations with streptococci, there- 
fore, probably reproduce more nearly the conditions following a 
single inoculation with tubercle bacilli. This view point is substan- 
tiated by the results of implanting agar foci infected with streptococci. 
Such foci harbor living streptococci for a period of from 3 to 4 weeks, 
but even after becoming sterile they presumably contain disintegrated 
bacterial sensitizing products for long periods. Nevertheless these 
fod have not proven as efficadous in increasing the sensitive state as 
have repeated inocula of small size. This suggests that the kind of 
lesion rather than the amoimt of bacterial substance is the important 
factor. Indeed, lesion — tuberde production — is the sine qua- non for 
the development of tuberculin allergy; and it is highly suggestive that 
Zinsser and Mueller (8) found that the production of multiple skin 
tuberculous lesions in rabbits yielded the best conditions for passive 
transfer of tuberculin allergy. They stress the role of the focus in the 
induction of “allergy;” but later Zinsser (9) thought that the peculiar 
manner in which the bacteria are disintegrated was the important 
factor. I^Tiatever may be formed from the bacteria in a focus, our 
experiments indicate that only exceedingly small amounts of the sub- 
stance are necessary to increase the hypersensitive condition, once the 
initial stimulus has been provided for the development of that state. 

Experience with various infections indicates that there are two types 
of reaction towards reinfection with microorganisms — that of hyper- 
sensitivity, and that of immunity. That the two are often intimately 
linked is indicated by the opinions of most workers m this field. But 
there is a growing tendency to regard the two processes as not 
necessarily interdependent (Boquet and Negre (10), Swift and Derick 
(1, 2), Rich (11) ). One problem of experimental investigation is to 
determine the best manner of imposing these two types of reaction, 
each independently of the other, on different animals, in order to study 
their respective roles in the general subject of resistance. Julianelle 
(4) noted that rabbits sensitized by intracutaneous injection of vac- 
cines of pneumocoed showed increasing lesions up to a certain time; 
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there was then a decrease which was associated with the appearance 
of immune bodies in the serum. Panton and Valentine (12) observed 
tliat rabbits receiving repeated inoculations with living staphylococci 
eventually showed decreasing reactions to large inocula and increasing 
reactions to small ones, another example of concomitant hj’per- 
sensitiveness and immunity. Both groups of observers employed 
relatively large inocula; although the latter stated that hypersensitive- 
ness could be induced by small doses. 

From a theoretical standpoint it might be expected that when 
relatively large amounts of bacterial substances are acting within an 
animal’s body there is more possibility of wide distribution and ac- 
companying immunity. With small amounts, there is simple focal 
lesion-production, and attending hypersensitivity. Our experiments 
indicate that repeated small focal lesions usually lead to increasing 
general tissue hypersensitivity without local evidence of immune tissue 
response. Unfortunately the relative avirulence of the non-hemolytic 
streptococci makes it impossible to test the general imm unity of rabbits 
so sensitized; but we have observed that rabbits may be highly sen- 
sitized and show little or no serum agglutinin against the sensitizing 
microorganism, and little predpitin against its nudeoprotein. Con- 
trasted with this may be dted the observations of Fleischer and Meyer 
(13) that following intraperitoneal injections of vacdnes prepared from 
B. abortus or B. typhosus, guinea pigs would yield high agglutinins 
against the homologous bacterium without giving abortin or typhoidin 
reactions. 

The influence of chronidty of infection as a sensitizing factor is 
indicated by a number of our experiments; and again let it be em- 
phasized that the dose of bacteria suf&dent to increase the hyper- 
sensitive state was too small to induce macroscopic lesions in normal 
animals. Thus in the hypersensitive animal there are set up conditions 
favorable for the augmentation of this state in the presence of a mini- 
mum dose of antigen. Klinge (14) has recently emphasized the impor- 
tance of chronidty in the production of certain peculiar reactions to co- 
agulable protein; while the observations of Dienes (15) suggest that the 
local condition of the tissue into which a coagulable protein is intro- 
duced may also determine the subsequent type of reaction to that pro- 
tein. Both factors doubtless have important influences, but in order to 
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evaluate them the importance of dosage of antigen must be considered 
more carefully than in the past. In experimentally inciting the 
hj'perscnsitivc state (tuberculin-like allergy or hypersensitiveness of 
infection) large doses of bacteria have usually been employed; but in 
natural infections characterized by so-called “allergy” — better “hy- 
pererg)'” — the infecting dose of microorganisms is usually small, and 
presumably the indting of new lesions at a distance from the initial 
lesions is usually effected by relatively few germs which doubtless 
multiply to a certain extent at the site of metastatic implantation. 
But in syphilis, which is a dassical example of changing “allergic” 
reactions, it is noteworthy that the most destructive lesion, the gumma, 
usually arises only after the spirochetes have been acting in the body 
for a number of years; and at times antecedent evidences of infection — 
in other words, lesions — may have been so small as to escape detection. 
Other clinical examples of “allergic alteration” of tissues might be 
dted to show that in nature the hypersensitive state is induced or 
maintained by small lesions existing or reproduced over considerable 
periods of time. 


SUMMARY 

The most satisfactory method thus far found for the induction and 
maintenance of a high degree of hypersensitiveness — “allergy,” 
“hyperergy” — against non-hemolytic streptocoed consists in the 
repeated production of small focal lesions with minimal doses of 
bacteria. 

After a preliminary sensitizing period of about 2 weeks’ duration 
with either large initial, or small multiple daily inoculations, the later 
fod need be produced only at 7 to 10 day intervak. 

Chronidty of low-grade infection appears to be an important factor 
in the attainment of a high degree of hypersensitiveness. 
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In the first paper of this series dealing with the blood cytology of the 
rabbit, the results of 1110 blood counts on 174 normal male rabbits 
were considered primarily from the standpoint of the numerical 
variations of the various classes of cells and of the hemoglobin content 
in individual determinations (1). Other phases of this investigation 
have included repeated observations on groups of normal and diseased 
rabbits for extended periods of time. In the case of normal animals, 
the study was undertaken chiefly for two reasons. Firstly, informa- 
mation was desired concerning the character of the spontaneous fluc- 
tuations in the numbers of blood cells imder prolonged conditions of 
undisturbed indoor life with the idea that eventually some relation- 
ship might be foimd between these variations and certain environ- 
mental conditions, as was demonstrated with the weights of organs and 
the amount and degree of change of the total sunlight (2). Secondly, 
it was considered essential to have information of this nature as a 
background for whatever changes might be found in association with 
certain subacute or chronic experimental conditions, as for example, 
Treponema pallidum infection. Five groups of rabbits, 4 of 10 and 1 
of 5 animals, were followed 35, 13, 8, 29, and 26 weeks respectively, 
covering a period of 20 months from October, 1927 to July, 1929. The 
group examinations numbered 111, in which 973 individual counts are 
represented. 

The results of this study which have been analyzed statistically, will 
be reported in the present and subsequent papers. For the time 
being, the principal interest centers in the consecutive mean values of 
the various classes of cells considered from the standpoint of the trends 
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of numerical levels shown by each animal group. In the present 
paper, the erythrocytes and tlie hemoglobin content are considered; 
other papers will deal with the total white cells and their division into 
granular and non-granular cells (3), with the neutrophiles (pseudo- 
eosinophiles), the basophiles, and the eosinophiles (4), and with the 
lymphocytes and the monocytes (5). The results will ultimately be 
analyzed from the standpoint of the relationships of the various classes 
of cells as shown by their correlation coefficients and in addition, they 
will be referred to in connection with the relation of the pre-inoculation 
blood picture to the reaction of the host to disease agents. 

Materials and Methods 

The rabbits employed were representative of those used in other experiments 
carried out in this laboratory; all were male animals approximately 6 to 8 months 
old. The ordinary brown and grey t5Tpe predominated but the type described as 
the Flemish cross or mixture was also represented and there were a few black 
animals. Each rabbit was separately caged in a well lighted (sunlight), well 
ventilated room; the diet throughout the period of observation consisted of hay, 
oats, and cabbage. 

The results reported are based upon 111 group examinations carried out at 
weekly intervals; in a few instances, the counts were made at shorter or longer 
intervals. The total number of individual blood counts was 973. The observa- 
tions were made on 45 rabbits comprising 4 groups of 10 and 1 group of 5 animals: 


Group 

Number of 
rabbits 

Number of 
exomioations 

Number of 
counts 

First count 

Last count 

I 

m 

35 

350 

Oct. 24, 1927 

June 20, 1928 

II 


13 

130 

Mar. 29, 1928 

June 19, 1928 

ni 

mSm 

8 

80 

Sept. 20, 1928 

Nov. 22, 1928 

IV 


29 

283 

Nov. 27, 1928 

June 18, 1929 

V 

mm 

26 

130 

Dec. 29, 1928 

June 21, 1929 


45 

111 

973 




A uniform routine with respect to the time and the method of collection and 
examination of the blood was followed as previously described (1). In the case of 
Group I, half of the animals were examined on one day and half on the following 
day of each week; all animals in each of the other groups were examined on the 
same day. The differential white blood determinations were made with the 
supravital neutral red technic; 100 cells were counted in each specimen. 

In the case of Group I, additional specimens (10 cc.) of blood were taken for 
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chemicxU examination. During the first 2 months of the experiment, this procedure 
n-as carried out at weekly intervals; from January' to April, the period was extended 
to 2 weeks, and the last bleeding on May 17 was made 4 weeks after the preceding 
one. These bleedings always followed the blood counts by 1 or 2 days in order 
that as long a time as possible would elapse before the next blood count. 

In the analysis of results, absolute numbers of cells per cubic millimeter of 
blood have been used. The curv’cs obtained by plotting the actual group means 

(X 26 *f“ c , , 

were smoothed by the formula the initial value of each curve being 


represented by 


2i> + c 
3 


and the final value by 


n -f" 26 
3 ■ 


The coefficients of variation 


of the means have also been smoothed by this formula. The smoothed mean 
values have been compared, in the form of percentage deviations, with the mean 
numbers of cells found in 1110 normal blood counts (1). For convenience, certain 
figures used in this comparison as so-called standard values differ sHghtly from the 
actual results obtained, as shown in the following tabulation: 



Actual rajots 

Values uitd 

Red blood cells 

peremn. 

5,198,000 

63% 

9562 

per mm, 
5,200,000 
63% 
9560 

Hemoglobin 

White blood cells 

Neatrophiles 

4341 

4340 

BasopHles 

950 

950 

Eosinophiles. 

214 

215 

Lymphocytes 

3045 

3050 

Monocytes 

1000 

1000 

Total granular cells 

5504 

' 5505 

Total non-granular cells 

4045 

4050 



It should be pointed out that the results of the first 3 groups of a nimal s here 
reported representing 560 counts, appear among the 1110 counts of the above 
tabulation; the 413 counts of the 4th and 5th groups, on the other hand, are not 
included in the large group. 

The figures as given indude all data. No count has been omitted because of the 
occurrence of such conditions as snuffles or ear canker in certain animals at some 
time during the period of observation, but these instances will be referred to in the 
discussion of the results. 


RESULTS 

The results pertaining to the consecutive weekly erythrocyte counts 
and the hemoglobin contents obtained in 5 groups of normal rabbits 







TABLE I 


Group I — 10 Rabbits. Consecutive Values for Erythrocytes and Hemoglobin 


Date 

Red blood cells (000 omitted) | 

Hemoglobin 

Mean values 


Coefii- 
cient of 
variation 

Mean values 

Standard 

deviation 


m7-Z8 

Per cmm. 

Per cmm. 

Per cent 

per cent 

per cent 

per cent 

Oct. 24* 

5420 ± 192 

901 

16.62 

54 

db2.1 

10 

18.52 

Nov. 1 

5539 rt 42 

199 

3.59 

49trh0.4 1 

2 

4.08 

Nov. S** 

4991 ± 79 

372 

7.45 

55 

ah 1.4 

7 

12.73 

Nov. 15 

5039 ± 92 

433 

8.59 

59 

ah 1 .3 

6 

10.17 

Nov. 22 

5204 ± 130 

611 

11.74 

52 

ah 1.3 

6 

11.54 

Nov. 29 

5351 ± 76 

355 

6.63 

63 

ah 1.3 

6 

9.52 

Dec. 6 

5323 ± 229 

576 

10.82 

63 

ah 2.1 

10 

15.87 

Dec. 13 

5075 ± 143 

670 

13.20 

60 

ah 1.4 

mm 

11.67 

Dec. 20 

5032 rfc 170 

799 

15.88 

60 

ah 1.4 

mak 

11.67 

Dec. 27 

5296 ± 118 

555 

10.48 

59 

ah 1.4 

msm 

11.86 

Jan. 3 

5286 at: 129 

605 

11.45 

57 

ah 2.3 

HI 

19.30 

Jan. 10 

4889 ± 115 

540 

11.05 

64 

ah 1.4 

■9 

10.94 

Jan. 17 

4859 ± 182 

851 

11.81 

61 

ah 1.4 

mu 

11.48 

Jan. 24 

5513 ± 126 

591 

10.72 

67 

ah 1.4 

mm 

10.45 

Jan. 31 

5399 ± 176 

825 

15.28 

64 

ah 1.7 

8 

12.50 

Feb. 7 

5474 ± 145 

679 

12.40 

68 

ah 1.3 


8.82 

Feb. 14 

5204 ± 153 

719 

13.82 

68 

ah 1 .3 


8.82 

Feb. 21 

5336 ± 156 

730 

13.68 

71 

± 1.3 


8.45 

Feb. 28 

5312 ± 178 

834 

15.70 

74 

ah 1 .0 


6.76 

Mar. 6 

5158 ± 101 

475 

9.21 

69 

ah 1.7 


10.14 

Mar. 13 

5451 ± 155 

725 

13.30 

63 

ah 1 .3 


9.52 

Mar. 20 

5024 ± 116 

544 

10.83 

67 

ah 1.3 


8.96 

Mar. 27 

5229 ± 200 

936 

17.90 

72 

ah 2.1 

10 

13.89 

Apr. 3 

4838 ± 134 

628 

12.98 

66 

dh 1.9 

9 

13.64 

Apr. 10 

5273 ah 96 

451 

8.55 

68 

ah 2.1 


14.71 

Apr. 17 

5455 ah 83 

388 

7.11 

64 

ah 1.0 

5 

7.81 

Apr. 24 

5050 ah 180 

844 

16.71 

58 

ah 1.9 

9 

15.52 

May 1 

5310 ah 148 

696 

13.11 

64 

ah 1.4 

mU 

t 10.94 

May 8 

5560 ah 117 

549 

9.’87 

66 

ah 2.3 

HI 

16.67 

May IS 

5188 ah no 

SIS 

9.93 

66 

ah 1.7 

8 

I 12.12 

May 22 

5335 ± 205 

962 

18.03 

66 

ah2.1 


15.15 

May 29 

5597 ah 162 

761 

13.60 

64 

ah 1.0 

8 

12.50 

June 5 

6080 ah 205 

959 

15.77 

66 

ah 1.3 

6. 

9.09 

June 12 

5730 ah no 

518 

9.04 

68 

ah 1.9 

9 

13.24 

June 19 

5779 ah 111 

522 

9.03 

69 

ah 0.8 

4 

5.80 

Mean 

5303 ah 30 

263 

4.96 

64 

ah 0.7 

6 

8.59 

Minimum 

4838 



52 




Maximum 

6080 



74 





* October 24 and 26. 

** November 4 and 9. 
t iN'Iean of 5 specimens. 
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TABLE n 


Group II — 10 Rahhits. Conscculivc Values for Erythrocyles and Hemoglobin 



. Red blood ctlla (000 omitted) 

Hemoglobin 


Date 

[ Mean «laes 

Standard 

deviation 

Coefn* 
dent ot 
variation 

Mean values 

Standard' 

toiatioQ 

Coeuj- 
dent of 
^'ariatioa 

tm 

f>fr cnn. 

fef cnn. 

perterJ 

Pifcent 

Percent 

pgfcsrJ 

Mar, 29 

4912 ± 87 

407 

8.29 

66d: 1.3 

6 

9.09 

Apr. 3 

4899 ± 69 

323 

6.59 

65 da 1.4 

4 

6,15 

Apr 10 

4842 i 62 

289 

8.84 

66 da 1.0 

•5 ; 

4.55 

Apr. 17 

5105 ± 163 

762 

14.93 

64da 1.7 

7 1 

10.94 

Apr. 24 

5197 db 83 

387 

7.45 

60 da 1.7 

7 

11.67 

May 1 

5169 i 139 

653 

12.63 

64 da 1.7 

7 

10.94 

May 8 

5348 i 119 

558 

10.43 

63 d: 1.3 

6 

9.52 

May IS 

5047 i 85 

400 

7.93 

63 da 1.7 

6 

9.52 

May 22 

5242 ± 96 

450 

8.58 

66 da 1.7 

7 

10.61 

May 29 

5270 i 107 

500 

9.49 

63 da 1.7 

7 

11.11 

June 5 

5648 da 116 

523 

9.26 

69 da 1.3 

6 

8.70 

June 12 

5329 db 123 

575 

10.79 

61 da 1.3 

6 

9.84 

June 19 

5151 da 90 * 

421 

8.17 

64 d: 1.7 

8 

t 12.50 

Mean 

Minimum 

Maximum 

5166 da 39 
4899 

5648 

209 

4.05 

64da0.4 

60 

69 

2 

3.13 


TABLE m 


Group III — 10 Rabbits. Consecutive Values for Erythrocytes and Hemoglobin 


Date 

Red blood cells (000 ormtted) ^ 

1 

Hcino^obia 

Mean values 

i Standard 
deviatzoD 

Cocffi- 
deat of 
v'ariation 

Mean values 

Standaid 

deviation 

i 

CoeS- 
dent of 
vzn&tion 

1928 

Per cram. 

ptrcmm. 

Percent 

per cent 

Per cent 

Per cerJ 

Sept. 20 

5039 da 34 

161 

3.20 

70 da 1.7 

8 

11.43 

Sept. 28 

5129 da 51 

239 

4.66 

56 da 1.0 

5 

8.93 

Oct. 10 

5075 da 23 

106 

2.09 

70 da 1.0 

5 

7.14 

Oct. 19 

5116 da 23 

107 

2.09 

71 da 1.7 

8 

11.27 

Nov. 2 

5108 da 51 

240 

4.70 

56 da 1.0 

5 

8.93 

Nov. 9 

5108 da 32 

151 

2.96 

66 da 1.4 

7 

10.61 

Nov. 16 

5091 da 41 

191 

» 3.75 

65 da 1.0 

7 

10,77 

Nov. 22 

5252 da 33 

1 

153 

2.91 

68 ad 1.3 

6 

8.82 

Mean 

1 

5115 d= 15 

62 

1.21 

65 da 1.4 

6 

9.23 

Minimum. 

5039 

1 


56 



Maximum 

5252 



71 




Ti 
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TABLE IV 


Group IV — 10 Rabbits. Consecutive Values for Erythrocytes and Eemoglobin 



Red blood cells (000 omitted) 

Hemoglobin 


Date 

Mean values 

Standard 

deviation 

Coeffi- 
cient of 
variation 

Mean values 

Standard 

deviation 

Coeffi- 
cient of 
variation 

ms-29 

per cmm. 

per cmm. 

per cent 

per cent 

per cent 

per cent 

Nov. 27 

5694 ± 141 

660 

11.59 

68 ±2.1 

10 

14.83 

Dec. 4 

5274 ± 107 

502 

9.52 

64 ± 1.4 

7 

10.28 

Dec. 11 

5549 d= 127 

595 

10.72 

67 ± 1.9 

9 

13.33 

Dec. 18 

5375 db 53 

247 

4.60 

61 ± 1.2 

6 

9.50 

Dec. 26 

5285 ± 83 

389 

7.35 

69 ± 1.7 

8 

11.31 

Jan. 2 

5274 ± 107 

504 

9.55 

64 ±2.0 

9 

14.68 

Jan. 8 

4839 ± 65 

306 

6.32 

55 ± 1.2 

6 

10.18 

Jan. 15 

4860 ± 62 

291 

5.98 

59 ± 1.3 

6 

10.61 

Jan. 22 

4810 ± 44 

206 

4.27 

59 ± 1.9 

9 

15.11 

Jan. 29 

4941 ± 68 

317 

6.42 

54 ± 1.0 

5 

8.25 

Feb. 5 

4705 ± 69 

322 

6.84 

58 ± 1.2 

6 

9.81 

Feb. 13 

5028 =fc 57 

266 

5.29 

60 ± 1.1 

5 

8.60 

Feb. 19 

4914 ± 86 

405 

8.24 

61 ± 1.3 

6 

10.18 

Feb. 26 

5034 ± 53 

247 

4.90 

60 ± 1.2 

6 

9.16 

Mar. 12 

4897 ± 52 

244 

4.98 

63 ± 1.6 

8 

11.85 

Mar. 19 

4943 ± 66 

311 

6.28 

60 ±0.9 

4 

7.05 

Mar. 26 

4875 ± 61 

284 

5.83 

59 ±0.8 

4 

6.75 

Apr. 2 

4820 ± 35 

165 

3.42 

60 ± 1.2 

5 

9.00 

Apr. 9 

4774 ± 55 

256 

5.35 

58 ± 1.1 

5 

8.68 

Apr. 16 

4849 ± 62 

292 

6.02 

62 ± 1.4 

7 

10.50 

Apr. 23 

4874 db 49 

229 

4.69 

61 ± 1.1 

5 

8.75 

Apr. 30 

4806 ± 33 

155 

3.22 

64 ± 1.1 

5 

7.94 

May 7 

4907 ± 40 

189 

3.86 

64 ±0.7 

3 

5.06 

May 14 

4816 ± 28 

123 

2.55 

62 ± 1.6 

7 

11.34 

May 21 

4808 ± 40 

177 

3.68 

64± 1.4 

6 

9.91 

May 28 

4843 ± 65 

287 

5.92 

59 ± 1.7 

S 

13.05 

June 4 

4843 ± 56 

249 

5.14 

66 ± 1.8 

8 

11.82 

June 11 

4936 ± 38 

171 

3.46 

63 ±2.4 

11 

17.00 

June 18 

4888 ± 47 

197 

4.03 

56 ± 1.4 

6 

10.16 

Mean 

Minimum 

Ma-vimum 

4981 eh 31 
4705 

5694 

245 

4.93 

61 ±0.5 

54 

69 

4 

5.75 


observed 8 to 35 weeks are presented in Tables I to V in the form of 
group means, together with the probable errors of the means, the 
standard deviations, and the coefficients of variation. The series of 
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TABLE V 


Group V — 5 Rabbits. Consecutive Values for Erythrocytes and Hemoglobin 



Red blood cells (000 omitted) 

Hemoglobin 


Date 

&re:iO values 

Standard 

demtion 

Coefn- 
dent of 
variation 

Mean values 

Standard 

deviation^ 

CoeE- 
dent of 
variation 

im-zp 

Pif cmn. 

peremrt. 

ptr cent 

per cent 

per cent 

Per cent 

Dec. 29 

5100 ± 

57 


2.73 

60 ± 1.8 

6 

10.00 

Dec. 31 

4920 ± 

90 


6.04 

62 ± 2.4 

8 

12.90 

Jan. 3 

5224 i 

84 


5.34 

64± 1.5 

5 

7.81 

Jan. 10 

5108 ± 

65 

214 

4.19 

64 ±3.3 

11 

17.19 

Jan. 24 

4904 i 

82 


5.53 

57 ± 1.8 

6 

10.53 

Jan. 31 

4384 i 

97 


7.37 

56 ± 0.6 

2 

3.57 

Feb 7 

4592 ± 

75 


5.42 

58 ±0.9 

3 

5.17 

Feb. 15 

5216 i 

54 

178 

3.41 

67 ±0.9 

3 

4.48 

Feb. 21 

1 4730 ± 106 

352 

7.44 

64± 1.2 

^ ! 

6.25 

Mar. 1 

4850 ± 

35 

117 

2.41 

61 ± 0.6 

3 ' 

4.92 

Mar. 8 

4894 i 

78 

258 

5.27 

61 ± 1.2 

4 

6.56 

Mar. IS 

5072 ± 

37 

124 

2.44 

58 ± 1.8 

6 

10.34 

Mar. 22 

4990 ± 

47 

156 

3.13 

61 ± 1.8 

6 

9.84 

Mar. 29 

5228 i 

86 

286 

5.47 

64 ±0.9 

3 

4.69 

Apr. 5 

4940 ± 

58 

192 

3.89 

62 ± 1.2 

4 

6.45 

Apr. 12 

5078 ± 

SO 

164 

3.23 

69 ± 0.9 

3 

4.35 

Apr. 19 

5030 ± 

33 

108 

2.15 

66 ± 1.2 

4 

6.06 

Apr. 26 

5078 ± 

57 

189 

3.72 

70 ± 1.5 

S 

7.14 

Maj' 3 

5128 ± 

32 

105 

2.05 

71 ± 0.9 

3 

4.23 

May 10 

4882 i 

60 

198 

4.06 

68 ±0.6 

2 

2.94 

May 17 

4984 i 

39 

130 

2.61 

70 ± 0.6 

2 

2.86 

May 24 

4966 ± 

49 

161 

3.24 

67 ± 1.5 

5 

7.46 

May 31 

4952 ± 

42 

138 

2.79 

67 ± 1.5 

5 

7.46 

June 7 

5050 ± 

42 

140 

2.77 

70 ± 1.5 

5 

7.14 

June 14 

4756 ± 

29 

96 

2.02 

60 ± 1.2 

4 

6.67 

June 21 

5010 ± 

33 

108 

2.16 

64±2.1 

7 

10.94 

Mean 

Minimum 

Maximum 

4964 ± 

4384 

5228 

25 

188 

■3.79 

64 ± 0.5 
56 

71 

4 

6.25 


curves in Text-figs. 1 and 2 are drawn as percentage deviations of the 
smoothed means- from the standard values given above; other curves 
represent the smoothed values of the coefficients of variation of the 
means. 

By using mean values to describe the results obtained, the trends or 
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changes characteristic of the group as a whole are shown. It is this 
feature of the results rather than the variations of individual animals 
which at present we wish to emphasize. 

DISCUSSION AND SUAIMARY 

In discussing the results of repeated observations on the erythrocytes 
and hemoglobin content of the peripheral blood of normal rabbits over 
long periods of time, it will be convenient to consider in chronological 
order the findings obtained in each of the five groups. 

Group I, comprising 10 rabbits, was examined weekly from October 
24, 1927 to June 21, 1928 (Table I). The mean numbers of red cells 
in 35 examinations were found to be comparatively constant. 

The fluctuations in the curve of the percentage deviations of the smoothed means 
from a standard value of 5,200,000 cells per cubic millimeter (Text-fig. 1) do notvary 
more than 5 per cent above or below this figure until May and June when the curve 
rises to the 10 to 13 per cent level. In general, the curve describes 3 major swings, 
each occupying a period of approximately 3 months. From the October level of 
5 per cent above the base line, there is an irregular fall to 4 per cent below it on 
January 10. During the succeeding 3 weeks, the curve rises abruptly to its initial 
level and very gradually descends to slightly below the base line (March 27 and 
April 3). During the last 3 months the curve rises to the highest levels observed 
although at its termination, its trend is again downward. The coefficients of varia- 
tion for the red cells means (Table I) are fairly uniform, the curve of the smoothed 
values varjdng about the 10 per cent level (Text-fig. 1). The most irregular por- 
tion of the curve is its last quarter and this phase accompanied an augmentation of 
mean values. It will be noted that the changes in the trend of the red cell means 
at the end of January and the first of April are, in both instances, preceded by 
similar changes in the coefficient curve, at a 2 or 3 weeks' interval. 

The range of mean hemoglobin values of Group I (Table I) was con- 
siderably greater than that of the erythrocyte means. The curve of 
these values in terms of the percentage variations of the smoothed 
means from a standard of 63 per cent fluctuates within a total range 
of 28 per cent, that is, 14 per cent above and below the base line (Text- 
fig. 1). 

This curve can be divided into 3 major swings which, however, are not parallel 
with those of the red cells. From an initial low level the curve rises to 14 per cent 
above the base line by the end of February; the trend of the red cell curve in the 
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opposite direction ended the middle of Januarj' and for the next 3 observations, the 
direction of both curves is upward. From the end of February to the last of April, 
the hemoglobin curve is generally falling, while in May and June its general move- 
ment is again in an upward direction. In March, both the hemoglobin and red 
cell curv'es are falling and from the middle of April to the end of June both are 
rising. The coefficients of variation of the hemoglobin means (Table I) are com- 
parable as far as order of magnitude is concerned, to those of the red cell means. 
From the curve representing the smoothed coefficients (Text-fig. 1) it will be noted 
that small values prevailed during January- and February in which months the 
means were considerably increased. In like manner, the second period of higher 
hemoglobin mean values in May and June was characterized by a steady decline 
of the coefficient cuiwe. 

The second group of 10 rabbits (Group 11) was examined during the 
last 3 months of the observation period of Group I (Table II). The 
values for the mean numbers of erythrocytes and for the mean hemo- 
globin contents occupy slightly lower levels than those for Group I 
(Text-fig. 1), but it will be noted that the curves representing these 
values are remarkably like those of Group I in general outline, the only 
important exception being in the case of the hemoglobin means during 
the last 2 weeks’ observations. 

It should be noted that in the corresponding portion of the curve representing 
the coefficients of variation of these means, an abrupt upward turn occurs indicating 
that the sharp fall in the mean values is due to certain individual findin gs and is not 
characteristic of the group as a whole. The coefficients of variations of both 
erj-throcyte and hemoglobin means of Group II (Table 11) are generally somewhat 
smaller than those of Group I as is illustrated by the curves shown in Text-fig. 1. 

The third group of 10 rabbits (Group m) was examined in Sep- 
tember, October, and November of 1928. The erythrocytes and the 
hemoglobin means, together with their coefldcients of variations are 
given in Table III and the curves representing these values appear in 
Text-fig. 2. 

In the case of the red blood cells, the means were extremely regular at a level 
slightly below the standard value while the curve of their smoothed coefficients of 
variation is steadily maintained at the 3 to 4 per cent level. The hemoglobin 
means, on the other hand, were less uniform and their curve describes several 
fluctuations which, however, are of a much smaller magnitude than those of Group 
I. In contrast to these variations, however, the curve of the smoothed coefficients 
of variation of these means is almost a straight line at the 10 per cent level, a -vnlue 
slightly smaller than that which generally obtained in Group I. 
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Examination of the fourth group of 10 rabbits was begun in Novem- 
ber, 1928 and of the fifth group comprising 5 rabbits in December, 1928; 
both groups were observed to the end of June, 1929. The erythrocyte 
and hemoglobin means and their coefficients of variations are given in 
Tables IV and V, and the curves illustrating these values in Text-fig. 2. 

In the case of Group IV, the red cell curve which shows practically no irregulari- 
ties, describes during the first 2 months’ observation a steady downward trend 
from an initial 7 per cent above to 7 per cent below the standard value; during the 
remainder of the experiment this low level is almost perfectly maintained. The 
curve of the smoothed coefficients of variation of the red cell means has a similar 
form; from an initial 11 per cent level, it falls to 5 per cent at the end of the second 
month and to 3 per cent in June. 

The hemoglobin means of Group IV were much less uniform than the red cell 
values as was the case with the previous groups; the fluctuations of the curve 
representing these values (Text-fig. 2) vary between 6 per cent above to 1 1 per 
cent below the base line. During the first 2 months, the direction of the curve is 
downward, parallel to that of the red cells, but from this time onward, while the red 
cell means continue at a fairly constant level, the general trend of the hemoglobin 
means is upward. The rise is interrupted in March and again in June; on the first 
occasion there is also a fall in the number of red cells but on the second, the red cell 
level is unchanged. The smoothed coefficients of variation of the hemoglobin 
means for Group IV vary from 7 to 14 per cent (Text-fig. 2). Their curve is fairly 
stationary at the 11 to 12 per cent level during the first 2 months’ observations; in 
subsequent months somewhat lower and more irregular values obtain, and in May 
and June a rise to 12 and 14 per cent is observed. 

The curve representing the erythrocyte means of Group V differs but little from 
that of Group IV as shown in Text-fig. 2. It begins in December at approximately 
the same level which Group IV occupies at this time and ends at the same level in 
June. There is an initial abrupt fall to 14 per cent below the base line (end of 
January) which is followed by a sharp rise, and from then onward, a fairly constant 
level is maintained at 5 per cent below the standard value. During January and 
Februarj’^, the general level of the curve is slightly lower than that of Group IV 
while in March, April, May, and June, the relation is reversed. On the whole, the 
curve is uniform and contains but two irregular portions, one the end of Januan^ 
when the downward trend is prolonged to the lowest level observed in any of the 5 
groups, that is, 13 per cent below the standard value, and the other the first of 
June at which time there is a sharp but temporary upward movement. The 
curve representing the smoothed coefficients of variation of the red cell means 
which is extremely uniform (Text-fig. 2) occupies a general level slightly below that 
of Group IV. It describes a gradual fall from 6 to 2 per cent. 

In the case of the hemoglobin content, the mean values of Group V were some- 
what higher than those of Group IV, but the direction of the variations observed 
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was essentially the same (Text-fig. 2). The curves representing these values are 
similar in general contour with parallel fluctuations but those of Group IV are 
somewhat more pronounced, their extremes being 10 per cent below and 1 1 per cent 
above the standard value. The level of the curve representing the smoothed 
coefficients of variation of the hemoglobin means of Group V is generally lower 
than that of Group W, as was the case with the red cells (Text-fig. 2); the fluctua- 
tions in magnitude vary from 3 to 13 per cent. The general trend of this curve is 
similar to that of Group IV. 

The great majority of the rabbits in these experiments -were in 
excellent physical condition and gained in weight during the period of 
observation. There were two deaths, both in Group IV, which occurred 
toward the end of the experiment. Both animals had had marked 
snuffles and at autopsy, an extensive purtdent exudate was found in 
the nasal passages and sinuses and in one rabbit, there was also a 
chronic diffuse interstitial nephritis. Snuffles and ear canker of 
various grades which were observed in certain rabbits will be referred 
to in a subsequent paper in connection with the discussion of the 
observations on the neutrophile cells (4), 

There are certain features of these consecutive observations on the 
peripheral blood of normal rabbits which may now be briefly con- 
sidered. In the first place, the weekly range of variation of the 
erythroc 3 d:e mean counts was considerably smaller than that of the 
hemoglobin means, a result which indicates that under the conditions 
of these experiments, the hemoglobin was the more labile of these two 
blood constituents. The technic employed may have contributed to 
this finding in that the error involved in a colorimetric method may 
be greater than in one of cell enumeration. With each specimen of 
blood, at least 3 hemoglobin readings were made and the mean value 
used; and in addition, duplicate readings with another instrument 
have always checked with those of our own. Secondly, it was foimd 
that a brief or a more sustained alteration in the erythrocyte means 
was not necessarily accompanied by a shift of the hemoglobin level 
in the opposite direction. In certain instances, such a change was 
observed, but in others, both values moved in the same direction and 
in stiU others, the hemoglobin means pursued a more or less protracted 
rise while the numbers of red cells were maintained at a fairly station- 
ary level. Thirdly, the most irregular results with respect to both 
red cell and hemoglobin means were found in Group I and in addition, 
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their standard deviations were on the whole, of a higher order of 
magnitude than those of the other groups (Tables I to V). The exam- 
inations on Group I were not all made on tlie same day, half the 
animals being examined on one day and half on the following day; in 
the case of the other groups, all animals were examined on the same 
day. As has been mentioned in the section on Materials and Methods, 
the rabbits of Group I were also subjected to additional bleedings for 
purposes of chemical examination. Although this procedure was 
carried out most frequently in the first 2 months of the experiment, 
there is no striking difference in the order of magnitude of the standard 
deviations of the means nor in the coefficients of variations durmg this 
period as compared with later months (Table I) . It is probable, there- 
fore, that the greater irregularities of mean values and the liigher 
standard deviations noted in Group I were related to the divided 
time of the blood counts themselves or to some other factor rather than 

I 

to the additional bleedings for chemical examination. 

In the present consideration, the major changes in mean values as 
observed over several weeks or months have been emphasized rather 
than fluctuations occurring in comparatively brief periods. Analysis 
of the results from the standpoint of the ratio of the difference of the 
mean values to their probable errors indicates that the major changes 
observed in both the red cell and hemoglobin levels are of statistical 
significance, as shown by the following examples; 


Group 

number 

Red blood cells 

Hemoslobin 

Dates of mean values 

Ratio 1 

Dates of mean values 

Ratio 

I 


Jan. 24 

3.65 

Oct. 24 

Jan. 10 

2.94 



June 19 

5.44 

Apr. 24 

June 19 

5.24 

II 

1 

Mar. 29 

May- S 

2.96 

Mar. 29 

Apr. 24 

2.73 


Apr. 3 

June 12 

3.05 

Apr. 24 

June 5 

4.09 

III 

Sept. 20 

Nov. 22 

4.53 

Sept. 20 

Nov. 2 

7.00 

IV 

Nov. 27 

June IS 

5.38 

Nov. 27 

June 18 

4.80 


Feb. 26 

Apr. 30 

3.68 

Dec. 11 

Jan. 22 

2.96 

V 

Dec. 29 

Feb. 7 

5.40 

Jan. 24 

Apr. 19 

4.09 


Feb. 21 j 

Apr. 26 

3.25 

Apr. 26 

June 14 

5.26 
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A striking feature of these results is the degree of parallelism shown 
by two groups of animals examined over the same period with respect 
to the fluctuations of erythrocytes and hemoglobin mean values. 
The curves in Text-figs. 1 and 2 show that the trend of values for one 
group of animals is almost always reflected in a similar trend for the 
other group. 

Finally, these observations make it clearly evident that the results 
obtained on the groups of rabbits examined in one year may not be 
entirely similar to those obtained on other groups followed for similar 
periods in another year. In the case of both the erythrocytes and the 
hemoglobin, the mean values during 1927-28 were generally higher 
than those of 1928-29. Furthermore, there was a definite trend on the 
part of both red cell and hemoglobin means toward higher values in the 
spring and early summer months of the first year which were not 
observed in the following year. In the fall and early winter months of 
both years, on the other hand, the red cells tended toward smaller 
values; this was also the case for the hemoglobin in the second but not 
in the first year. 


CONCLUSIONS 

Observations are reported on the consecutive weekly erythrocyte 
counts and the hemoglobin contents of the peripheral blood in 5 groups 
of normal rabbits, comprising 45 animals, during a period of 20 months 
from October, 1927 to July, 1929. The duration of individual group 
examinations varied from 8 to 35 weeks. The results are analyzed on 
the basis of the weekly mean values of each group. 

On the whole, the erythrocyte values were quite uniform ■within a 
narrow range of variation, while the hemoglobin content was com- 
paratively irregular within a wider range of variation. The major 
changes in the levels of mean values of both the red cells and the 
hemoglobin, however, were found to be statistically significant. 

The directions or trends in the levels of the erythrocyte and hemo- 
globin mean values did not necessarily move in opposite directions. 

The general levels of the erythrocyte and hemoglobin mean values 
were not identical for two consecutive years, those of 1927-28 being 
higher than those of 1928-29. 

The fluctuations of both red cell and hemoglobin mean values 
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observed in one group of animals were also usually observed in another 
group examined during the same months, 
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STUDIES IN THE BLOOD CYTOLOGY OF THE RABBIT 


HI. Consecutive Total White Blood Cell Observations on 
Groups or Normal Rabbits 

By LOUISE PEARCE, M.D., akd ALBERT E. CASEY, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, April 14, 1930) 

In the preceding paper of this series, experiments dealing -with con- 
secutive observations on the peripheral cytology of normal rabbits for 
prolonged periods of time were described and the results pertaining to 
the erythrocytes and the hemoglobin were reported (1) , The observa- 
tions were made on 5 groups of male rabbits, 4 of 10 and 1 of 5 animals, 
during a period extending from October, 1927 to July, 1929. In the 
present paper, the results relating to the total white cell coimts are 
reported together with a consideration of these values from the stand- 
point of the total granular leucocytes — the neutrophiles (pseudo- 
eosinophiles), the basophiles, and the eosinophiles — on the one hand, 
and the total non-granular cells — the lymphocytes and the mono- 
cytes— on the other. 

Materials and Methods 

Since the conduct of the experiments and the methods employed in analyzing 
the results obtained have previously been described (1) , it vrill suffice here merely to 
state that in the great majority of cases the examination of the blood was carried 
out at weekly intervals. The differential counts which were made by means of 
the supravital neutral red technic, were based upon counts of 100 cells for each 
specimen. 

The number of examinations on each group of rabbits was: Group 1, 35; Group 
n, 13; Group m, 8; Group TV, 29; Group V, 26. The first 4 groups comprised 
10, and the last, 5 animals. 


RESULTS 

The results on consecutive total white blood cell counts in 5 groups of 
normal rabbits observed 8 to 35 weeks are given in Tables I to V and 
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TABLE III 

Group III— 10 Rabbits. Consecutive Values for Total White Blood Cells and for Total Granular and Non-Granular Cells 
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TABLE IV 

Group IV — 10 Rabhils. Comecnlive Values for Total White Blood Celts and for Total Granular and Non-Granular Cells 
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Text-Fig. 1. Mean values for consecutive total white blood, granular and non-granular cell determinations as percent- 
age deviations from standard values. 1927-28, 




Ibtal whtta cello 
_ Mean vsivios 



iKXT-l'io. 2. Mean values for consecutive total white blood, granular and non-granular cel! determinations as percent 
age deviations from standard values. 1928-29. 



50 


BLOOD CYTOLOGY OF THE RABBIT. IH 


in Text-figs. 1 and 2. The results have further been considered from 
the standpoint of the total granular and the total non-granular cells 
(Tables I to V; Text-figs. 1 and 2). In all cases, the observations are 
presented in the form of weekly group means together with the prob- 
able errors of the means, the standard deviations, and the coefiicients of 
variation. The series of curves in Text-figs. 1 and 2 representing the 
smoothed means are drawn in the form of the percentage deviations 
of these values from standard values (1,2). The standard values used 
are as follows: Total white cells, 9560 per cubic millimeter; total 
granular cells, 5505 per cubic millimeter; total non-granular cells, 4050 
per cubic millimeter. Other curves illustrate the smoothed values of 
the coefiScients of variation of the group means. 

DISCUSSION AND SUMMARY 

In discussing the results on the consecutive total white cell counts of 
5 groups of normal rabbits studied over long periods of time, it will be 
convenient to consider the observations of each group in chronological 
order. The results will then be taken up from the standpoint of the 
granular and the non-granular cells. 

Group I was examined from October 24, 1927 to June 19, 1928. 
During the 9 months of the experiment, it was found that the mean 
total white cell counts were considerably increased as determined by 
weekly observations (Table I). The character and extent of this 
change is shown in the curve (Text-fig. 1) which represents the per- 
centage deviations of the smoothed weekly means from a standard 
value of 9560 cells per cubic millimeter. 

From an initial level of 10 per cent below the standard value in October and 
November, 1927, there was a fairly regular increase to 25 per cent above it by the 
end of February; in March and April, somewhat lower levels were observed, but in 
May there was another rise to 35 per cent, followed in June by slightly lower 
counts. It should be noted that the curve of the smoothed coefficients of variation 
of the means (Text-fig. 1) shows only slight irregularities throughout its course, 
thus indicating that the alterations of the mean values were generally character- 
istic of the group as a whole. 

In the case of Group II (Table II) which was examined from March 
29 to June 19, 1928, a similar increase of the total white cells was 
observed. 
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The level of mean values vas lower than that of Group I for the same period, 
but the general character of the increase resembled in a striking manner that 
of the former group (Text-fig. 1). The curve of the smoothed coefficients of 
variation of the weekly means of Group II is quite uniform and occupies the same 
level as that of Group I. 

The mean white cell values of Gioup m, followed from September 
20 to November 22, 1928 (Table III) were lower than those of Group 
I or of Group II and in addition, dijffered from these first groups in . 
showing only minor fluctuations. 

The curve illustrating these findings (Text-fig. 2) presents few irregularities and 
is, in fact, almost a straight line at the 20 to 25 per cent level below the standard 
value. The first part of the curve of the smoothed coefficients of variation of the 
weekly means (Text-fig. 2) is slightly higher than those of Groups I and IE but the 
second half is entirely comparable. 

The fourth group of rabbits was followed from November 27, 1928 
to June 18, 1929 (Table IV). In general, the level of the white ceU 
means (Text-fig. 2) was similar to that of Group m and lower than 
that of Group I examined the previous year. It was found, as was 
the case with Groups I and II, that these values became considerably 
increased. 

In November and December, the lowest counts of the group were observed; in 
January and February, higher values prevailed; during March and April, slightly 
lower levels were fairly well maintained with a second increase at the end of April 
which in turn, was followed by a steady decline to values comparable to those 
observed at the beginning of the experiment. The coefficients of variation of the 
white cell means of Group IV were of the same general order of magnitude as 
those of the first 3 groups, but they were somewhat more irregular as is brought 
out by a comparison of the respective curves of the smoothed values shown in 
Text-figs. 1 and 2. 

In comparing these changes with those of Group I observed during a 
similar period of the previous year (Text-figs. 1 and 2), it will be 
noted that as far as form and direction are concerned, the curves for 
these groups bear a general resemblance to each other up to May and 
June. In the case of Group I, higher levels continued to be main- 
tained during these months although the final direction of the curve is 
downward; in the case of Group IV, the downward trend which began 
in April was continued throughout June. 
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The observations on Group V extended from December 19, 1928 to 
June 21, 1929 (Table V) ; this series comprised 5 as contrasted ndth 10 
rabbits in each of the other groups. The level of the wliite cell means 
was consistently lower than that of any other group, but as was found 
in Groups I, II, and IV, the values became increased. 

As far as trends are concerned, the first half of the Group V curve, representing 
the observations of December, Januarj% February, and March, shows a striking 
similarity to the curve of Group IV for the same period; the latter part, however, 
differs in that the March level continues to be fairly constantly maintained to the 
end of the experiment while the cur\fe of Group IV first rises (April) and then falls 
(May and June), so that eventually the two curves cross each other. The coeffi- 
cients of variation of the weekly means of Group V (Text-fig. 2) are, as was the 
case with Group IV, more irregular than those of Groups I, II, and III, but they 
are of the same general order of magnitude as the others. 

Turning now to a consideration of the wliite cells from the stand- 
point of their division into granular leucocytes and non-granular 
lymphocytes and monocytes (Table I), it will be seen by referring to 
Text-fig. 1, that in the case of Group I, both the granular and non- 
granular cells participated in the increase of the mean total white 
count. As far as general contour is concerned, the curves representing 
the means of these cells are similar to the curve of the total white cell 
means, but they are more irregular and their fluctuations are more 
pronounced, especially in the case of the non-granular cells. For the 
most part, the shifts in the trends of these curves are similar in direc- 
tion, and not infrequently, a change in the non-granular curve precedes 
that of the granular curve. At the time of the pronounced drop in the 
total white cell means in March which occurred after a prolonged 
increase in values, it will be noted that there was a marked decrease in 
the non-granular means which was relatively much greater than the 
decrease of the granular cell means. In like manner, the participation 
of the non-granular cells in the prolonged rise of the total white cell 
curve during May and June was relatively much more pronounced 
than that of the granular leucocytes. With respect to the coeflScients 
of variation of these means, the curves illustrating their smoothed 
values also show more irregularities than that of the total white means 
but all are of the same general order of magnitude. 


In the case of Group II (Table II) the granular and non-granular cell means were 
found to have the same general relationship to each other and to the total white 
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cell means as in Group I, as is illustrated by the cur\"es in Text-fig. 1. And the 
coefficients of variations of these means were likewise similar to those of Group I 
(Table II, Te.xt-fig. 1). 

The observations on Group III (Table III) differ from those of Groups I and 
II in that the trends of the slight variations of the granular and non-granular 
means are consistently in opposite directions as is shown b}' the curves of Text- 
fig. 2. The curve representing the total white cell means is practically a straight 
line. The curves of the smoothed coefficients of variation for the granular and 
non-granular means show no significant differences from those of Groups I and 

n. 


In the case of Group IV (Table IV), the general character of the 
trends of the granular and non-granular cell means “with respect to each 
other and to the total white ceU means resembled those of Groups I and 
n (Text-fig. 2) but in certain features, the results were different. 

Thus, there are more irregularities in the curve representing the granular ceOs 
than in the curve of the non-granular cells and the fluctuations are more pro- 
nounced. Furthermore, the increase in the total mean counts during January and 
February and the decreasing values in May and June were participated in by a 
greater relative increase and decrease of the granular than of the non-granular 
means. The coefficients of variation of both granular and non-granular means of 
Group IV (Table IV, Text-fig. 2) were of the same order of magnitude as those of 
the previous groups. 

The results of Group V (Table V) with respect to the consecutive 
granular and non-granular cell means resemble on the whole those of 
Groups I and II rather than those of Group IV, as may be seen by 
comparing the curves in Text-figs. 1 and 2. 

While the general trend of both the granular and non-granular curves is defi- 
nitely upward, the rise of the non-granular curve is more pronounced than that of 
the granular, indicating a greater relative increase in the mean number of non- 
granular cells. This feature was found in Groups I and II but the reverse occurred 
in Group adfjjtion^ the non-granular ceU curv'e of Group V is somewhat 

more irregular and the fluctuations are more marked as was also the case with 
Groups I and II but not with Group IV. The coefficients of variations of the 
granular and non-granular ceU means of Group V (Table V) are of the same order 
of magnitude as those of the other groups (Text-fig. 2). 

It should be specially noted that in the groups observed for the 
longest periods, the mean values of the total white ceUs became con- 
siderably increased. In Groups I, n, and V, followed 35, 13, and 26 
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weeks respectively, the values during the latter part of the experi- 
ments were all higher than those of the first weeks. Both the granular 
and non-granular cell means participated in this cliange, but from a 
relative standpoint, the latter values showed the greater alteration. 
In the case of Group IV, followed 29 weeks, a similar increase of the 
total white cells occurred although it was not sustained during the last 
8 weeks; the granular cell means of this group showed a greater relative 
change than those of the non-granular cells. 

In connection with these findings of augmented white cell counts 
over periods of several months, it might be thought that the increasing 
age of the rabbits was a factor of some significance; at the beginning of 
these experiments, the animals were considered to be 6 to 8 months 
old. According to the recent observations of Cheng (5), however, the 
numbers of leucocytes in the blood stream of rabbits 9 to 16 months of 
age, although fluctuating at a Hgh level, are not increased. The 
question of intercurrent infections such as snuffles, as a factor in the 
production of increased white counts will be considered in connection 
with the results on the individual classes of white cells (3, 4), 

The significance to be attached to the major changes in the levels of 
the total white, the granular, and the non-granular cell means over 
periods of time is indicated by the following examples of the ratios of 
the differences of various mean values to their probable errors. 


Group 

Num- 

ber 

, Total white cells 


Granulancells 


Non-granular cells 

j Dates of mean values 

Ratio 

Dates of mean values 

Ratio 

Dates of mean values 

Ratio 

I 

Oct. 24 

June 19 

2.85 

Oct. 24 

June 19 

2.47 

Oct. 24 

June 19 

2.64 


Mar. 13 

June 5 

4.36 

Dec. 6 

Feb. 28 


Feb. 21 

Mar. 20 

7.52 

II 

Mar. 29 

June 19 

7.01 

Mar. 29 

June 19 

3.67 

Mar. 29 , 

June 19 

6.61 

in 

Sept. 20 

Nov. 16 

2.00 

Sept. 20 

Nov. 22 



June 19 

1.64 

IV 

Nov. 27 

Jan. 2 

4.55 

Nov. 27 

Feb. 19 

8.33 

Nov. 27 

Jan. 2 

5.20 


Apr. 9 

June 18 

5.39 

Feb. 19 

June 18 

8.75 

Jan. 2 

Apr. 23 

7.13 

V i 

Dec. 29 

June 21 

4.82 

Dec. 29 

June 21 

S.43 

Dec. 29 

Jan. 24 

5.44 


Jan. 24 

Apr. 5 

8.76 

Jan. 4 

Apr. 5 

7.09 

Jan. 24 

June 7 

10.16 
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As was the case with the erythrocyte and hemoglobin mean values 
of these experiments (1), the general level of the total white cell means 
was higher in the groups of rabbits examined during 1927-28 than in 
those examined in 1928-29. This was also true of both the granular 
and the non-granular cells but was less pronoimced in the former than 
in the latter class. 

The present results are analogous to those of the erythrocytes and 
hemoglobin (1) in stiU another respect. It has been shown that as far 
as general direction or trend of the total white cell means is concerned 
and in the case of many individual fluctuations as well, two groups of 
rabbits examined during the same months behave in a similar manner. 
In the case of the granular and non-granular divisions of white cells, 
however, the resemblance is not always as striking. With the granular 
and non-granular cells of Groups I and H and with the granular cells 
of Groups rV and V, the similarity was quite pronounced, but with the 
non-granular cells of Groups W and V, the parallehsm was less marked. 

In most cases, an alteration in the trend of the granular cell means 
of a group was accompanied by a movement of the non-granular cell 
values in the same direction but in certain instances, a change in the 
opposite direction was observed. 

The period of most frequent point to point fluctuation of the total 
white cell and of the granular and non-granular cell means of the 4 
groups examined for several months occurred in February, March, 
and April of both years (1928 and 1929). A similar but less pro- 
nounced phase of irregularity affecting chiefly the total white and the 
granular cells was observed in October and November of 1927 but not 
in the fall months of 1928. 


CONCLUSIONS 

Consecutive weekly observations on the total white cell count of the 
peripheral blood were made on 5 groups of normal rabbits, a total of 
45 animals, during a period of 20 months from October, 1927 to July, 
1929. The duration of individual group examinations varied from 8 to 
35 weeks. 

In the case of 4 groups followed 13 to 35 weeks, the general trend 
of the total wMte cell means was toward increasing values; with the 
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group followed 8 weeks, the means were maintained at a constant 
level. 

The changes in the levels of the granular cell means were usually 
accompanied by changes in a similar direction of the non-granular cell 
means. In the case of 3 of the 4 groups followed for the longest 
periods, the greatest relative alterations occurred in the non-granular 
cells. 

The fluctuations in the mean values of the total white cells and of 
the granular and the non-granular cells which were observed in one 
group of rabbits, were also generally obse^rved in another group 
examined during the same months. 

The period of greatest irregularity in the mean values of the total 
white cell means and of the granular and the non-granular cell means 
as well, occurred during the late winter and spring months of both 
years. 

The general level of the total white cell mean values in the groups 
examined during 1927-28 was higher than that of the groups observed 
during 1928-29. A similar difference was found in the granular and 
non-granular mean values but it was somewhat less marked in the 
case of the granular cells. 
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TOOTH GROWTH IN EXPERIMENTAL SCURVY 


By gilbert DALLDORF, M.D., akd CELIA ZALL 

(From the Laboratory of Physiological Chemistry, Teachers College, Columbia Uni- 
versity, the Department of Pathology, Cornell University Medical College, 

Neui York, and Grasslands Hospital Laboratory, Valhalla) 

Plates 1 to 4 

(Rec>. i\'ed for publication, Alarch 22, 1930) 

The lesions in the incisor teeth of scorbutic guinea pigs have been 
repeatedly studied since their recognition by Jackson and Moore (1). 
This paper is concerned with an associated phenomenon, namely, the 
rate of tooth growth in scurvy and partial scorbutic states as well as 
the effect of stress upon growth. 

Through the work of ZUva (2), lesions of the roots of the incisor teeth of guinea 
pigs have been established as the first expression of a deficiencj' of Vitamin C, 
Hojer utilized this fact in testing the antiscorbutic value of foodstuffs, the mini mal 
protective dose being the smallest amoimt of the antiscorbutic which would com- 
pletely protect the teeth of guinea pigs throughout a 20 day period (3). As Eddy 
(4) has shown, the minimal protective dose by this method is much greater than 
by the more generally employed test (the Sherman method) , which employs the 
weight curve of the animal fortified by certain clinical observations as pain over 
joints, presence of hemorrhages, etc. These and other related facts have been 
recently emphasized by Hanke (5), and others, and the role of Vitamin C in tooth 
development and health has become a subject of considerable interest. 

Rate of Tooth Growth 

We have foimd one reference to the influence of diet on rate of 
tooth growth. Orban (6) noted the rate of growth of rats’ teeth when 
starch alone was fed and found it less rapid than when wheat, meat 
and greens were given. Feeding wheat and cod liver oil, the growth 
rate obtained approximated the rate secured with wheat, meat and 
greens. The addition of lemon juice did not increase this rate. 

In our studies rate of growth was measured by clipping the exposed portion of 
one of the lower incisor teeth everj* fifth day. A pocket finger nail clip was 

57 



58 


TOOTH GROWTH IN EXPERIMENTAL SCURVY 


found to be the most satisfactory instrument for the purpose since it was of 
convenient size, preserved the w'holc of the fragment intact, and required no pry- 
ing force, hence producing the minimum of trauma to the root of the tooth. If, 
after repeated clipping, the tooth became very fragile and brittle it was first cut 
three-fourths through with a very thin carborundum disk used on a dental engine, 
and then clipped. By folding the pig’s ears fonvard and keeping the disk wet the 
operation does not excite the animals. The length of the fragment was measured 
with vernier calipers. Results have been e.xpressed as averages in millimeters per 
day. The animals used in the experiment were observed for periods of varying 
length, the shortest being 20 days and the longest period 90 da}'s. 

Since the normal rate of tooth growth was unknown, this was first established, 
using animals from 4 to 10 weeks of age, and from 110 gm. to 600 gm. In the 
smaller animals the rate of tooth growth was slightly less rapid than in the larger, 
but this factor was too small to affect the result of the feeding experiments. 

The basal diet used was the Sherman-La Mer (7) to which 1 per cent of cod 
liver oil had been added. During the period of test the animals were scored by 
the Sherman method for degree of scurvy and were weighed every fifth day. At 
the end of the experiment the animals were killed and dissected. The lower Jaws, 
ribs and extremities were removed, fixed, and studied histologically. The incisor 
roots were sectioned at various levels, one section regularly being removed at the 
level of the first molar for comparison with Hojer’s standards for the estimation 
of degree of scurvy. 

Table 1 summarizes the results obtained by varying amoimts of 
orange juice, tomato juice and turnip greens as the sole source of 
Vitamin C in combination with Sherman-La Mer basal diet. The 
group on green vegetables represents the maximum rate of tooth growth 
and the animals were free of scurvy.^ In tliis group the rate of tooth 
growth was 0.850 mm. daily in contrast to the minimal rate in the 
control animals of 0.306 mm. daily. In every series the increase in 
Vitamin C source stimulated growth rate. 

Examination of the animals on these diets revealed certain col- 
lateral data of value which can be summarized as follows: 

1. Animals given basal diet plus 5 cc. of orange juice daily, showed a 
rate of tooth growth of 0.750 ± 0.002 mm. per day. Slight but 
definite scorbutic lesions were present in the incisor roots though the 
long bones and ribs were free of scorbutic changes. The Sherman 
score showed no scurvy. 5 cc. was therefore not quite adequate for 
complete protection. 1 cc. of orange juice produced a growth rate of 

J Greens are notably richer in Vitamin A than fruit juices and it is possible the 
high maximum with greens may owe something to this factor. 



TABLE 1 

The Effect of Variation in Amount of Vitamin C Source on Guinea Pig Tooth Regeneration 
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* Mixture included spinach, lettuce and carrots. 
** An indefinite type of reaction. 
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O.'i'SO ±0.002 mm. to 0.422 ± 0.002 mm. per day. Pronounced scurvy 
was found in the teeth but none in the long bones or costo-chondral 
junctions. The Sherman score was ‘‘mild scurvy.” 

Animals on 0.5 cc. of orange juice showed a rate of growth of 0.371 ± 
0.005 mm. to 0.350 ±0.002 mm. per day. Advanced scurvy was 
present in the teeth and slight changes in the ribs. The Sherman 
scoring was “moderate scurvy.” 

Similar results were secured with graded doses of tomato juice and 
turnip greens. The results are to be found in the table. 

2. Animals given basal diet alone showed an average rate of tooth 
growth of 0.306 ±0.0003 mm. per day during the first 15 to 20 days 
but at the end of that period growth ceased completely. However, 
after complete cessation of growth, the administration of 5 cc. of 
orange juice daily (commencing on the twentieth day) after a period 
of lag of 5 days, restored practically the normal rate of tooth growth. 
Also, so long as the diet afforded growth factor the rate remained 
constant for any given diet whetlier the period was 20 or 90 days. 

Influence of Stress on Scorhttic Lesions 

In an earlier description of tlie changes encountered in the skeletal 
muscles of scorbutic guinea pigs (8), it was shown by one of the 
authors of this paper that exercise and stress determined largely the 
location and degree of the lesions. It was natural, therefore, to sub- 
ject the teeth to similar tests since the anatomical lesions of scurvy 
probably all have this factor in common. As an amputated tooth 
would be subject to less stress in gnavnng than its fellow of normal 
length, a comparison of the roots of the two teeth should be significant. 
For this reason in the animals of tlie series reported in Table 1, and in 
a number of others in which one incisor had been amputated, a com- 
parison of the histological changes was made by preparing sections 
through both teeth just anterior to the separation of the mandibles. 

The pulp of the incisors of guinea pigs is persistent, and growth, 
therefore, continuous throughout life. The pulp is roughly shaped like 
an elongated cone .and covered with a siurface of tall, slender and 
parallel odontoblasts (Fig. 2). Growth occurs through the elabora- 
tion, on the surface of this cone, of dentin, and, where exposed, 
enamel. 
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If a pig is deprived of antiscorbutic substance changes occur in the 
pulp. By the fifth day of complete deprivation the odontoblasts 
become shorter and blunter and lose their regularity of parallelism 
(Fig. 4). In place of dentin they form a semisolid material (Fig. 6) 
easily converted into dentin -mthin a day by giving antiscorbutic 
substances, a phase carefully demonstrated by Wolbach and Howe (9). 

If complete deprivation persists, the odontoblasts continue to 
regress and we have seen in the third week root pulp in which the 
parenchjTnal cells have left the dentin, developed into spindle and 
stellate shapes, and resembled fibroblasts (Fig. 5). Wolbach and 
Howe reported a similar change in the long bones. Death occurs regu- 
larly at this time and later stages have not been seen. 

If the diet contains even small amoimts of Vitamin C, a complete 
regression of odontoblasts does not occur and instead of fibroblasts 
the cells come to resemble osteoblasts, forming an intercellular matrix 
similar to bone which develops within the pulp rmtil, in late stages, 
the entire cavity becomes filled with this so-called “osteodentin.” 

If the tooth has been clipped, the evidence of scurvy, both in amount 
of “osteodentin” and in the character of the cells will be less pro- 
noimced than in its fellow (Fig. 1). This has been consistently true of 
all the cases examined. In animals on a deficient diet for very short 
periods the amputated tusk may show a root of nearly normal appear- 
ance at a time when scurvy is evident in its fellow. 

DISCUSSION 

These findings and the evidence of the influence of stress on the 
lesions, indicate that the scorbutic process is characterized by an 
inability of certain highly differentiated cells to form the intercellular 
substances natural to them. In cases of partial deficiency an inferior, 
substitute material may be formed, less highly differentiated than 
dentin (bone), but when deprivation is complete the cells dedifferen- 
tiate still further and form a still more primitive tissue, namely, 
fibrous tissue. This is similar to what occurs in the long bones and 
costo-chondral jimction where the osteoblasts, appearing rmable to 
form bone matrix, become fibroblasts. 

The reaction is increased by demands made on the structure and 
the lesion constitutes a faulty reaction to stress in the absence of a 
necessary material. 
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CONCLUSIONS 

1. The incisor teeth of guinea pigs have a constant rate of growth 
in health. 

2. Deprivation of Vitamin C causes the teeth to cease growing. 
Readministration of the vitamin restores the growth. 

3. Administration of small amounts of antiscorbutic substance 
results in rates of growth roughly proportional to dosage. 

4. Under standard experimental conditions used in the testing of 
foodstuffs for antiscorbutic value, the rate of tooth growth would 
appear to be a precise indication of the degree of scurvy, being more 
delicate than the Sherman score, and more constant as well as more 
simple, than the Hojer method. 

5. Stress in terms of usage appears to exaggerate the scorbutic 
lesions in the teeth. 
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EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Low power microphotograph of incisor teeth showing differences in 
structure between amputated (A) and natural (N) teeth in scurvy. The line of 
odontoblasts (0) is heavier and is formed of longer, more parallel cells in the 
amputated tooth and the imperfect dentin (N) is narrower. 

The difference in breadth of the original dentin is due to the more rapid growth 
of the amputated tooth and is not related to the scorbutic process. 

Plate 2 

Fig. 2. Highly magnified odontoblast line in normal guinea pig tooth. The 
odontoblasts are slender, parallel and long. The dentin canals are clearly shown. 
Fig. 3. Same magnification as Fig. 2. The animal had been given basal diet 
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plus 3 cc. orange juice daily for 20 days. The cells are shorter and less regular. 
Near four o’clock an island of imperfect dentin is being formed -within the pulp 
itself by migrated odontoblasts. 

Plate 3 

Magnifications same as in Figs. 2 and 3. 

Fig. 4. Line of odontoblasts after S days on a diet completely deficient in anti- 
scorbutic substance. 

Fig. S. In this animal, which had been for 21 days without antiscorbutic sub- 
stance the odontoblasts have lost their natural appearance and resemble fibroblasts. 

Plate 4 

Magnifications same as in Figs. 2 to 5. 

Fig. 6. Illustration of recovery of function by odontoblasts. The animal had 
been on a Vitamin C-free diet for 10 days and was then given orange juice for 5 
days. The cells have become more orderly and a zone of fresh pre-dentin has been 
formed. 

Fig. 7. An animal on basal diet alone for 20 days. The odontoblasts seem to 
have disappeared. 
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STUDIES ON THE BLOOD VESSELS IN THE MEMBRANES 
OF CHICK EaiBRYOS 

Part I. Absence of Nerves in the Vascttlar aiEiiBRANE 

By FRITZ LANGE,* JI.D., W. EHRICH, M.D., ant) A. E. COHN, il.D. 

{From the Hospital of The Rochcfdler Institute for Medical Research) 

Plate 5 

(Received for publication, April 23, 1930) 

Experiments on the behavior of the blood vessels have with few 
exceptions been confined until now to tissue in which there are nerves. 
In all the organs of the body in adult human beings or in animals that 
have attained full growth, in which such investigations have taken 
place, the presence of vasomotor ner\'^es has been demonstrated either 
anatomically or physiologically (1). 

It is to be expected that in investigations of the reaction of blood 
vessels in tissues or an organ which is not innervated, the part usually 
played by the nervous factor can be ascertained. Experiments carried 
on in such preparations might make possible in a new way the elucida- 
tion of questions having clinical interest, as for instance, those arising 
in arterial h)q)ertension (2) in which hypersensitivity of all vessels is 
present as well as in arteriosclerosis (3) in which the level of irritability 
is reduced and finally, in cases of inflammation (4, 5) in which the part 
played by the nervous system is still the subject of discussion. 

On the Absence of Nerves in the Yolk-Sack of Chick Embryos 

Concerning the occurrence of nerves in the membranes of chick embr>'os there 
exist in the literature, so far as we know, no references (6). There are, however, 
numerous investigations on the innervation of membranes of human beings and 
other mammals to which we intend to refer by way of comparison. The question 
whether the umbilical cord and the placenta contain nerves dates according to 
Schott (7) from the time of Galen. Reports of more recent investigations, to the 

* Privatdocent at the First Medical Clinic, Universitj' of Munich. Associate in 
Medicine, The Rockefeller Institute for Medical Research, 1928-29. 
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literature of whidi Schmitt (S) has referred, and which arc based in part on his- 
tological investigation carried out in tissues studied mainly by the method of 
impregnation with silver, and in part on pharmacological methods, contain the 
conclusion that the umbilical cord contains ncr\'cs of its own but onl}' in that por- 
tion close to the bodj^, and that its greater distal portion as well as the placenta 
are free. Ikeda (9) recently, at the suggestion of Aschoff, has reinvestigated this 
matter and has confirmed the statements of earlier authors. 

We have attempted to solve the question as to whether the mem- 
branes of chick embryos contain nerves in part by physiological, in 
part by histological investigations. 

Physiological Experments 

Technique . — The experiments were conducted in a constant temperature 
chamber at 38°C. Sources of error due to fluctuation of temperature are therefore 
avoided. Eggs in all stages of development, but mostly those 3 to 4 da 3 ’’s old, were 
studied. In older eggs the separation of the membranes is more difficult but can, 
after practice, be conveniently managed. Eggs were opened at the air-chamber 
end without turning or jarring them, as much of the shell as was necessary to e.xpose 
the vascular region being removed by means of forceps. The embrj'o surrounded 
by sufficient of its membranes could by this means be exposed. The loss of albu- 
men was, of course, prevented. The manipulation of the egg on opening it must 
be gentle; otherwise the blood vessels will be found even at the beginm’ng of the 
experiment to be contracted, so that weak stimuli would lead, while they are in 
this state, to erroneous inferences. 

For electrical stimulation the usual form of a reliable inductorium was used. 
The source of current was an Edison storage batter)^ Whein drugs were injected 
the point of the needle was inserted laterally until it came to lie under the mem- 
branes, since preliminary experiment showed that better and more uniform absorp- 
tion took place than if these substances were applied drop-wise to the surface of tlie 
preparation. The experiments were brief, never lasting longer than 10 minutes so 
that errors due to desiccation might be avoided. The observations were made with 
a Zeiss dissecting microscope furnished both with binoculars and bin-objectives. 
The embryos were protected from excess heat bj’’ placing a water filter between the 
source of light and themselves. 

We observed the behavior of blood vessels of the yolk membrane 
in some 1600 eggs at various ages. The experiments which we report 
now, selected from the great number which were performed, permit 
our making the following statements concerning the innervation of 
these vessels. 

1. One locus of the membrane was touched several times with a fine 
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glass rod. Depending on the number of contacts and their strength, 
either constriction or dilatation took place. These stimuli brought 
about this effect both in capillaries and in small arteries. Even the 
strongest stimulus of this mechanical sort brought about no change in 
the immediate environment. The effect of the stimulus was strictly 
confined, wherever it was exercised, to the site which was stimulated. 

2. A faradic current was employed to stimulate a given locus of the 
vascular layer, electrodes of varying diameters being used. Both the 
smallest arteries and the larger arterial branches were stimulated. 
One electrode consisted of cotton wool moistened with Ringer’s solu- 
tion which was placed on the membranes at a distance from the vascu- 
lar zone, that is to say, beyond the marginal vein. The other electrode 
had the diameter of a hair. As the result of the stimulus, dilatation 
occurs either in a capillary or at one point of the artery, but is so small 
in extent as to be recognized only microscopically. If an electrode 
having a larger diameter is used the effect is apparent in a larger area. 
In all cases the effect of stimulation, whether it be contraction or dila- 
tation, is to be recognized only at the point at which the stimulus is 
applied or, when the strongest current in our scale was used, in the 
immediate neighborhood. Involvement of neighboring regions or a 
propagation from the capillaries to larger arteries, or propagation in 
the reverse direction was never noticed. 

The following experiment was made with the view to extending these 
observations and to detecting the possible existence of conduction over 
nerve paths: 

The central end of an arterj”^ which led to a vascular area which we wished to 
stimulate was tied off and the whole vascular region was isolated by a circiilar 
incision so that every connection with the embr>m was severed. In this isolated 
vascular region electrical stimuli were made just as before. The result of stimula- 
tion was the same as when the region was still in continuity with the embryo. On 
account of the absence of a circulation, that is to say of additional blood, the 
column of blood in the vessel when it was dilated, the degree of dilatation depend- 
ing, of course, on the strength of the stimulus, appeared to be paler than before. 
Measurement of the diameter microscopically indicated, however, the same degree 
of dilatation as when the connection with the embrj’o was intact. 

3. A fine hollow needle was inserted outside the vascular area 
and then pushed forward so that its opening came to lie beneath it. 
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Sodium iodide solution 6 per cent was injected in the amount of 0.1 
cc. Dilatation of the vessels occurred at once but only at the point of 
injection. If larger amounts were injected a larger region was affected. 
If the same amount of saturated solution of sodium iodide is injected, 
stasis in the region of the drop immediately occurs. On account of the 
stagnation of blood whidi results, blood accumulates in the portion 
of the vessel central to tliis point. This appearance quite obviously 
represents a secondary phenomenon. The effect of the stimulus itself 
remains confined to the site of the stimulus. It appears to be unneces- 
sary to report our experiments with other chemicals. The result was 
always tlie same — the stimulus affected merely tlie locus at which it 
was applied. If larger amounts were injected there was always the 
possibility that after absorption of the substance, and distribution in 
the circulation, a result would occur at points far removed from the 
point of stimulation and would there give the impression that a 
stimulus had been applied. But when small amounts are used and 
are confined to a small area the effect of the stimulus takes place only 
at the point of stimulation. 

These observations differ from those of blood vessels which are 
known to be innervated. In tlie skin tliere occurs witli every stimulus 
of low intensity an easily demonstrated erytliema, an effect of the 
stimulus wliich can be seen far beyond tlie point of stimulation (Eb- 
becke (10), Lewis (11)). Reactions like tliis can be understood only as 
the result of an action in which the nervous pathways are involved. 
In tlie pancreas of rabbits for instance, Ricker and Regendanz (4) found 
that the effect of strong stimuli involved a larger region tlian tlie point 
stimulated in contrast to that of weaker ones, tlie effect of whicli was 
merely local. In sucli cases tlie result is brought about by a reflex (ner- 
vous) action. In our experiments we could never bring about an 
effect beyond the region of stimulation even if strong currents were 
used. The restriction of the reaction of the blood vessels in the vascu- 
lar areas in our preparation to the site of tlie stimulus suggests strongly 
that there are no nerves in tlie vascular layer of these embryos. 

Among the drugs that have been tested which have an effect upon 
tlie blood vessels adrenalin is the only one whicli has an action con- 
spicuously different from the ordinary on tlie vascular area of these 
membranes. 
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Adrenalin, in a solution of 1 per mille, was injected through a needle at a point 
just under the vascular area since it had been learned that adrenalin applied to the 
surface had no effect even when large amounts were used. 0,1 cc. of a 1 per mille 
solution brought about no visible contraction. It was not until an amount of 0.4 
cc. or more had been injected that a contraction of the blood vessels took place, but 
even then the effect was never immediate. Indeed the earliest evidence of action 
was observed only after i minute. In most experiments contraction did not begin 
until the end of 4 to 5 minutes. 

But even large doses like those Just mentioned were not effectual in all cases. 
Of 38 obseiv'ations, constriction took place in 25, in 4 the effect was imcertain, 
and in 9 there was no effect at aU. Because of the weak action of the drug we were 
obbged to use relatively speaking unusually large amounts of fluid, 0.5 cc. or more. 
Control experiments with equally large doses vrith physiological salt solution of 
about the same hydrogen ion concentration, had as a matter of fact a verj' similar 
result. We are inclined to attribute the effect to the solvent therefore rather than 
to adrenalin. Even if we were to attribute the effect observed to adrenalin, the 
extent of it was remarkably small. 

The contrast between this result and that in tissues which are norm- 
ally innervated is striking. For in the latter it is easy to obtain a reac- 
tion everywhere by the local application of 0.1 cc. of a 1 percent solu- 
tion. The small effect in the vascular area of our preparations is 
accordingly altogether unusual. 

Results similar to ours have been reported by Schmitt (8) in the 
case of blood vessels of the placenta which were treated by a perfusion 
method. If into the blood stream of the perfused placenta 1 cc. of 
suprarenin in the concentration of 1 to 1000 was injected, no effect was 
observed on the rate of flow in the vessels. Since it is generally recog- 
nized that the action of adrenalin takes place by virtue of its effect 
on nerves or on mechanisms of a nervous nature, the small effect 
of adrenalin on the vessels of the vascular membrane of chick embryos 
may be taken to represent ftuiher evidence that a nervous mechanism 
is wanting in these structures. 

Anatomical Evidence 

We have examined the embryonic membranes of chicks by means of 
a large variety of histological methods using the mesentery of rabbits 
as well as other organs, amongst them the skin, heart and lungs, by 
way of controls. Our best results were obtained by the use of Biel- 
schowsky’s method of silver impregnation in block, and also with the 
rongalite white method. 
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1. Invcstigaliom loUh Bichchoivsky's Method. — We impregnated by Biel- 
schowsky’s method, 6 embryos and their membranes aged 3, 4 and 7 days, accord- 
ing to the recommendations of Schmorl (12), and cut them in serial sections. 
In the case of older embrjms only single sections of the membranes were made. 
As early as 72 hours after the beginning of incubation, small, fine nerves were found 
in the region of the brain and in the ganglia of the head. At the end of 96 hours 
nerves could be found everjnvhere in the brain and spinal cord as well as in the 
spinal ganglia (Fig. 1). At the end of 7 days nerves were to be found in all parts of 
the embryo. 

Contrary to tlie situation in the embryo itself, nerves were to be 
found nowhere in the membranes. In those sections in which the 
transition from embryo to membranes could be clearly seen it was ap- 
parent that the nerves were confined to the structure of the embryo and 
did not proceed over to the membranes, as for example in a specimen 7 
days old (Fig. 2, b). Small single fibrils were seen stretching beyond 
the region of the lateral limiting sulcus (Fig 2, a) but in no section 
could they be traced to the membranes themselves. Tiie last of the 
nerves found in Fig. 2 is shown by means of greater magnification in 
Fig. 3. 

2. Investigations with the Rongalite White Method. — tMiereas the silver impreg- 
nation method according to Schmorl’s description gave alwaj's completely satis- 
factory results, difficulties were encountered at first with the rongalite white 
method. The only investigators who seem to have used this method have been 
Kreibich(13) and Glaser (14, 15). They succeeded even in cases where other meth- 
ods failed in obtaining first-rate results both with intra- and supra-vital staining. 
Since an intra-vital technique was impossible on account of the small size of the 
objects, we have used the supra-vital method only. The mesenteries of rabbits 
were again used as controls. Since both the authors just mentioned have described 
the method in a cursory way only, we have decided to describe it in detail, accord- 
ing to the procedure which gave us the best results. 

Rongalite white, which is methylene blue reduced by means of rongalite, was 
prepared in the following way : 1 gm. of pure methylene blue was dissolved in 200 
gm. of distilled water, was heated, and then 6 gm. of rongalite and 15 drops of hydro- 
chloric acid were added. This solution was boiled until it became clear and was 
then filtered. Staining was carried out in the following way. Organs were taken 
from the embryo immediatelj’’ after death and were bathed in ph 3 ^siological salt 
solution. Rongalite white 5 per cent to 10 per cent was next added. After pieces of 
tissue had been stained for 45 minutes they were fixed in ammonium molybdate 
5 per cent. After thorough washing the}'- were placed in absolute alcohol and xj'lol 
and were then drawn up on to glass slides. 
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By this method we examined the membranes of 19 embryos of 3, 
4, 8, 9, 10, 13, 18 and 20 days’ incubation after they had been stained 
and a control provided for each membrane. Whereas in the mesentery, 
nerves could be beautifully demonstrated everywhere, none could be 
foimd in any of the membranes. 

DISCUSSION 

It appears then from our histological investigations that we were 
imable by means of the two best methods available to us to detect 
nerves in the membranes of the chick embryo. Neither did we find 
primitive cell processes which might be regarded as imdifferentiated 
nerves. Our results therefore are in complete agreement with those 
which have been published in the case of the placenta both of man and 
of other mammals. 

Is the conclusion to be drawn that the membranes contain no 
nerves? The objection may be made that since we are dealing with 
embryonal tissue we should not expect to find fuUy differentiated 
nerves. But the fact is that these tissues pass through a definite cycle 
of development, the coxurse of which we have been able to follow from 
beginning to end, and that we have been imable to demonstrate nerves 
in any stage of their development, although the embryos themselves, 
from on the 3rd day on, always contained them. 

Our anatomical results are in agreement with our physiological 
investigations. The absence of a reaction in the immediate neighbor- 
hood of an area, even when strong stimulation has been applied to the 
area itself, and the atj^ical behavior of the blood vessels m adrenalin 
experiments, can be imderstood only as resulting from the absence of 
nerves. 


CONCLUSION 

The agreement of physiological experiment with anatomical findings 
justifies our conclusion: the blood vessels of the vascular membrane of 
chick embryos do not contain nerves. 
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EXPLANATION OF PLATE 5 

Fig. 1. Chick embryo No. 177. Incubation period 4 days. Neurofibrils in a 
ganglion-anlage of the body. Silver impregnation. X 450. 

Fig. 2. Chick embrjm No. 173. Incubation period 7 days. A cross section 
through the body is shown at the point of transition from the embryo to the 
membranes. At (a) the lateral limiting sulcus appears, and at (b) the amnion and 
chorion. The neurofibrils farthest away from the body (Fig. 3) were found at (c). 
At (d) there is a cross section of an e.xtremity. Silver impregnation. X 40. 

Fig. 3. The region (c) indicated in Fig. 2 is shown. X 1000. It exhibits the 
most distant peripheral nerve found in this section. 
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STUDIES ON THE BLOOD ^^ESSELS IN THE MEilBRANES 
OF CHICK ElMBRYOS 


Part II. Reactions or the Blood Vessels in the Vascular 

lilEMBRANES 
By FRITZ LANGE,* SI.D. 

{Prom the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, April 23, 1930) 

In recent years there has been lively discussion on the beha^^or of the 
vascular sj-stem especially concerning the dependence of reactions of 
the vessels on the nervous system (1, 2, 3, 4). In order to advance 
knowledge of this matter and to make clear ivhat actually takes 
place, and to attempt to indicate the significance of these processes, it 
has become necessary to enlarge this study by exa minin g a new and a 
greater variety of material. The blood vessels of the vascular mem- 
branes of chick embryos seem especially adapted to the ends in view. 
Membranes containing the vessels can be easily examined both micro- 
scopically and macroscopicaUy after removing the shell and the shell 
membrane. Stimuli of any desirable kind may then be easily applied. 
Since it has been shown (Part I) that these tissues contain no nerves, 
the course of the reaction takes on a special interest. 

A, The Effect of Eleclrical Stiimdi of Varying Strength on the Blood 

Vessels 

Faradic Stimulation. — ^The techjiique used vras the same as that employed in 
Part I. The electrode consisted of two copper wires each a millimeter thick and 
separated a distance of 1 mm. by means of collodion. The points of the electrodes, 
which alone came in contact with the tissue, were polished together with the collo- 
dion in which they were embedded, by means of sandpaper. Eggs were used after 
having been incubated 4 daj-s. 

In order to facilitate comparison, stimuli were made in the follow- 
ing experiments always at the same place, namely, the final pre- 

* Privatdocent at the First Aledical Clinic, University of Alunich. Associate 
in hledicine, The Rockefeller Institute for Medical Research, 1928-29. 
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capillary brandies of the artery which passes upwards towards the 
head of the embryo and to the right. 

Experiment 1 . — A very weak faradic current just strong enough to create a sen- 
sation of-prickling on the moistened lips was used. After the electrodes had been 
placed, without exerting pressure, upon the appropriate vessels, current was al- 
lowed to flow through the electrodes for 10 seconds. They were then removed for 
10 seconds in order to observe the effect which had been created, and then were 
replaced for a further 10 seconds. The duration of the stimulation was measured 
with a stop-watch. After the stimulus had been applied for 20 seconds, dilatation 
of the vessels appeared. The flow of blood in them continued to be rapid. In the 
surrounding vessels there was no change. We designate this stage in which there 
is dilatation with rapid flow “the stage of fluxion,” adopting Ricker’s term. 1 
minute after the end of stimulation, the original diameter and rate of flow had 
returned. 

From this experiment we made the folloiving inference : The weakest 
possible faradic current brings about a brief stage of fliLxion. 

Experiment 2 . — In this case a faradic current of medium strength which causes 
merely a burning sense when applied to the lips was used. The site of the stimulus 
was the same as in Experiment 1. The duration of the stimulus was 20 seconds, 
during the course of which there was an interruption of 10 seconds. At the end of 
20 seconds, contraction of the blood vessels developed. The rate of flow was rapid. 
If the stimulus was continued for 20 seconds longer, the blood vessels shut. In the 
capillaries just peripheral, the flow ceased, so that the blood in them was motion- 
less. Others were empty. The larger arteries central to these appeared un- 
changed. The flow of blood just proximal to the point of contraction was rhythmi- 
cal. S minutes after the end of the stimulus the original diameter of the vessel was 
reestablished and the rate of flow was as before. 

We made the following inference; A faradic current of medium 
strength brings about contraction of that arterial branch which has been 
stimulated. 

Experiment 3 . — A faradic current which was just strong enough stfll to be borne 
when applied to the lips, and which caused an unpleasant sensation of burning was 
used in the same way and at the same site as in Experiments 1 and 2. After 20 
seconds there appeared a spindle-shaped dilatation, the degree of dilatation being 
greater than in Experiment 1 . The rate of flow was at first slow, and then stopped 
after a number of seconds at a point further out than the site stimulated. Central 
to this point the dilated vessel was filled with blood. The blood corpuscles agglu- 
tinated so that they were no longer individually identifiable. Adopting Ricker’s 
term we designate this “the stage of stasis.” Capillaries peripheral to the site of 
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stimulus were emptj'. Just central and just peripheral to that portion of the 
affected vessels which was dilated, but within the re^on of influence of the stimu- 
lus, the arterial branch was contracted; in consequence, the dilated portion ap- 
peared as distinctly spindle-shaped. The spindle-shaped dilatation and the 
contraction of that part of the vessel just central to it appeared to occur 
sj'nchronously. The capillaries be3’ond, that is to say peripheral to the vessels so 
affected, were emptj'. Transition between the dark red region of stasis and that 
region beyond which appeared light owing to the absence of blood could be recog- 
nized macroscopically as a sharp line. Stasis persisted throughout the observation 
and could not be influenced by anj’ new stimulus. 

From these findings we have drawn the inference that a strong 
faradic current brings about stasis. 

In order to ascertain whether and to what extent dilatation depends 
on the pressure of the inflowing blood stream, we carried out the 
following experiment. 

We placed a pincette which shut off the flow of blood on a small artery. A stim- 
ulus of the same strength as that employed in Experiment 3 was then applied to the 
artery. Dilatation of the same degree took place. The blood in the dilated vessel 
was, however, a lighter red since it was distributed in a greater space. After 2 
minutes the pincette was removed. The dilated vessel was thereupon filled with 
blood and the spindle appeared to be quite full. 

There appears, therefore, to have taken place, genuine primary 
dilatation with filling as a secondary phenomenon. The dilatation may 
become so great and the spindle so filled with blood that in young 
specimens the total volume of blood contained in the embryos has 
been seen to collect in the dilated area. Under these circumstances 
the heart continued to beat but appeared as a mere shadow, seeing 
that it was empty of blood. 

Under s imila r experimental conditions a weak faradic current brings 
about dilatation of the arterioles of the vascular membrane with 
increased rate of flow, the stage of fluxion, a current of medium 
strength, contraction to the point of closure, and a strong current 
stasis of the blood in a dilated vessel. It appears therefore that the 
reaction depends upon the strength of the current. It is necessary 
next to ascertain whether other stimuli have the same consequences. 
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B, The EJfcct of Various Other Stimuli 

(a) Mechanical Stimuli. — In this ease the stimulus consisted of touching 
the locus with a blunt glass rod. The site of the stimulus was as before. Because 
of the greater size of the glass rod, small arteries as well as the capillaries were 
involved. 

The gentlest possible contact was established 3 times in 1 second, the intervals 
between being naturall}'’ brief. As a result the small arteries and capillaries 
dilated, becoming larger than those in the neighborhood. The rate of flow in the 
dilated vessels was rapid. This is the stage of fluxion. Stimuli of medium strength 
were applied 3 times, at the same rate as before and to the same site but with 
somewhat greater pressure. The small arteries and capillaries now contracted and 
disappeared. The site which was stimulated appeared as a lighter spot, empty of 
blood. The vessels in the surrounding region were not visibl}’’ altered and c.xhib- 
ited a rapid flow. 5 minutes later the small arteries again filled from the side of 
the heart and 1 minute later stUl the general appearance was the same as before 
the application of the stimulus. Strong stimuli consisted in bringing the glass rod in 
contact with the vessels 3 times, using quick strong strokes. An enormous dilata- 
tion of the small arteries and capillaries took place at once in the region stimulated. 
CentraU)'^ and peripherally, waist-like contractions were obser\’-ed. The capillaries 
which were related anatomically to the area, but which were outside the region af- 
fected by the stimulus, were empty. An hour afterwards no change had taken 
place, stasis still persisting. 

We drew the following inference: Depending upon the strength of 
the stimulus, meclianical irritation brings about a stage either of 
fluxion or one of contraction or one of stasis. 

(b) Ammonia. — The site of stimulation was as before. The stimulating sub- 
stance was applied through the needle of a small syringe. 

Experiment 1. — When 0.5 cc. of a 1 per cent solution was injected, dilatation 
took place at once as well as a rapid flow of blood at the site of stimulation. 

Experiment 2. — 10 minutes after the stage of fluxion had been brought about 
as in the first experiment, the injection of ammonia (0.5 cc.) was repeated. The 
capillaries and the smallest arteries contracted. IVhen a third injection of the 
same amount was made there was moderate stasis in the capillaries whereas the 
small arteries were contracted. 

Experiment 3. — 'When 0.1 cc. of a 5 per cent solution of ammonia in Ringer’s 
solution was injected slow!}'’, the arterial branch which was affected dilated enor- 
mously at once while complete cessation of blood flow through it took place. Dila- 
tation was so complete that stasis did not develop as in the previous experiment 
but instead coagulation of the blood. Agglutinated cells floated about in a clear 
medium within the vessels. 
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We have drawn the following inference: Ammonia brings about 
the stage of fluxion, of contraction, or of stasis and hemorrhage, ac- 
cording to the concentration used and the period during which it acts. 
Strong concentrations cause coagulation (pseudostasis). 

We have chosen the experiments described as examples of the effects 
of 3 qualitatively different kinds of stimuli. But we have also made 
experiments with mustard oil, with silver nitrate, with potassium iodide 
and vdth oil of camphor. In principle the action of all was the same. 
It was possible by grading the concentration and the dose, to bring 
about the same effects as when the faradlc current, the glass rod 
or ammonia was employed. Since the stimuli used were able to pro- 
duce an effect on blood vessels in tissue in which there were no nervous 
elements, we have been forced to conclude that they have their effect 
upon the cells themselves and that these have an inherent power to 
exhibit the motions which we have observed. 

The action of adrenalin as reported in the first of these papers was 
inconstant. Atropin had no action at all even in concentrations as 
high as 1 per cent. Cold and heat had no distinct effect. For that 
reason we were imable to utilize different degrees of temperatme as 
means of establishing grades of reaction on the part of the vessels. 

In our experiments we have found then that with effective stimuli 
there is a systematic relation between the strength of the stimulus 
and the reaction of the blood vessels, in the sense described by Ricker 
in the case of blood vessels in which a nervous apparatus exists. A 
weak current as we have shown is followed by the stage of fluxion, one 
of medium strength by that of contraction and a strong one by stasis. 
The general rule of the relatedness of a particular form of reaction to 
a particular intensity of stimulus is exhibited also by the non-inner- 
vated blood vessels studied in these experiments and by the kinds of 
stimuli which were employed. Our observations therefore confirm 
Ricker’s theory concerning the laws governing the relation between 
reactions and the strength of stimuli. In the case of blood vessels 
which are not innervated it appears that the strength of the stimuli 
not the nature of the stimulus constitutes the determining factor. 
The same forms of reaction were found whenever it was possible to 
grade the strength of the stimuli irrespective of their kind. 
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C. The Effect of a Given Stimulus upon Different Portions of the 

Vascular System 

In the experiments so far reported, stimuli were always permitted to 
exert their effect upon vessels of a like diameter. We have next to 
report our study of the effects of the same stimulus on capillaries, small 
arteries and on arterial main stems. For this purpose wc have em- 
ployed faradic current, mechanical stimulus, or one of tire chemicals 
already mentioned, mustard oil, silver nitrate, potassium iodide or the 
oil of camphor. 

Experiment 1 . — We stimulated a capillary area with a very weak current for 20 
seconds. There resulted the stage of fluxion. \\Tien the same stimulus was 
applied to small arteries or the main stems of arteries, no visible reaction took place 
and we drew the following inference: A stimulus which brings about the stage of 
fluxion in capillaries has no effect upon arteries. 

In Experiment 2 a stimulus of medium strength applied for 20 seconds to a small 
artery caused contraction. A stimulus of the same strength applied for the 
same length of time to the capillaries caused stasis. If the same stimulus was ap- 
plied for the same length of time to an arterial stem, no distinct effect ensued al- 
though the appearance of a slight degree of dilatation occurred occasionally. 
From this experiment we draw the inference that a stimulus which causes con- 
traction in small arteries causes stasis in the capillaries. 

Experiment 3 . — If a strong stimulus was applied for 20 seconds to an arterial 
stem, stasis took place in the vessel which had undergone spindle-shaped dilatation. 
The same stimulus if applied to small arteries or capillaries likewise caused stasis. 
And we draw the inference that a stimxilus which causes stasis in arterial stems does 
so likewise in small arteries and capDlaries. 

SUMMARY 

A comparison of the effect of stimulation upon the arterial sub- 
divisions shows that these differ in irritability. The capillaries are 
most irritable, then come the small arterial branches, and last the 
main stems of arteries, these being the least irritable. The non- 
innervated blood vessels of the vascular membranes exhibit therefore 
the behavior described by G. Ricker in the case of those whicli have a 
nervous apparatus. We have demonstrated accordingly similar 
properties in vessels which are not innervated as in those which are. 
Certain differences exist however. The action of adrenalin on the 
vessels of the vascular membrane is inconstant and certain other sub- 
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stances are wholly ineffective. Ricker’s experiments have advanced 
knowledge on the regularity of the vascular reactions and have paved 
the way for these experiments of ours. The result of our experiments 
with vessels free of nerves suggests that a reexamination may be fruit- 
ful of the mechanism which obtains in innervated vessels. There can 
be no doubt that nerves play a role in the behavior of vessels; it appears 
now to be necessary to define more accurately precisely what this is. 

REFERENCES 

1. Ricker, G., and Regendanz, P., Beitrage zur Kenntnis der ortlichen Kreislaufs- 

storungen, Virchovi's Arch.f. path. Anal . «. Physiol., 1921, 231, 1. 

2. Ricker, G., Antikritisches zu Joseph Tannenberg’s drei Aufsatzen iiber i, das 

Stufengesetz, ii, die Stase, iii, die Leuko- und Erjdhrodiapedese, Frankfurter 
Zeil.f. Biol., 1925-26, 33, 45 and 428. 

3. Tannenberg, J., Erperimentelle Untersuchungen iiber lokale Exeislaufstorun- 

gen. Teile i, ii, iii, iv, v. Frankfurter Zeii.f. Pathol., 1925, 31, 173-385. 

4. Tannenberg, J.,and Fischer, Bemh., Gefassnerven und lokale Ejreislaufstoning 

Erwiderung auf den vorstehenden Aufsatz des Herm. Prof. G. Ricker. 
Antikritisches zu Jos. Tannenberg’s drei Aufsatzen im 31. Bande dieser 
Zeitschrift, Frankfurter Zeii.f. Pathol., 1926, 33, 91 and 454. 
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OF CHICK EMBRYOS 
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The development of the vascular system of the membranes of chick 
embryos passes through a definite cycle. It can be followed from its 
inception in the blood islands, through the stages in which the blood 
vessels are finally developed, to the time when it is discarded at the 
time of hatching. It ought to be possible therefore to correlate 
changes in function with the anatomical changes. We hoped to obtain 
an insight into the alterations which take place in both, and to do this 
the more readily owing to the short duration of the whole cycle. 

Physiological Experimenis 

The irritability of the vessels was studied by applying stimuli of 
the same strength to them from their inception to the time of hatching. 
The experiments were carried out in eggs that had been opened as in 
Parts I and H of these studies. 

It was necessary to introduce a slight modification in technique in the case of 
older embryos for in them it is more difficult to remove the membrane than in 
embryos 5 days old. The eggs were therefore kept on end, the air-chamber up- 
wards, for 12 hours before the beginning of the experiment. With practise it 
became easy after opening the shell in the region of the air-chamber, to remove the 
shell membrane with fine forceps and scissors. The blood vessels then are as 
easy to approach as they are in younger embryos in which they are disposed along 

* This paper is also No. 15 of the Series on Physiological Ontogeny published 
from the Hospital of The Rockefeller Institute. For references to the earlier 
papers in this Series see Jour. Gen. Physiol., 1929, 12, 463. 

t Privatdocent at the First Medical Clinic, University of Munich. Associate 
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the long axis of the egg. The stimuli employed were a faradic current of known 
strength, sodium iodide, ammonia and mechanical stimulation with the use of a 
glass rod. As in our earlier e.xperiments we ascertained which strength of stimulus 
it was necessary to employ in order to secure stasis in an egg after 3 days of incu- 
bation. We then chose a stimulus based on this, but weaker, maintaining all the 
stimuli which we employed at the same strength for all other ages. On account of 
the similarity of our observations it is necessary to describe only our results. 

At the time when there are only blood islands and no regular flow 
of blood, contraction and dilatation do not occur. At this early age 
the occurrence of coagulation as the result of the use of chemicals in 
strong concentrations can naturally not be observed. Our observa- 
tions begin tlierefore with the behavior of blood vessels at the time 
when a regular rate of flow begins, namely, on the 3rd day. All 
stimuli which bring about stasis in arteries of the membrane on the 
3rd day of incubation produce the same dilatation in the same length 
of time in arteries of the same size and in the same way in all eggs of 
all later ages. The criterion of a strong stimulus has been described 
in previous sections of these papers and may be defined as follows: 
In the case of a faradic current it is one which on moist lips causes an 
unpleasant sensation of burning. In the case of sodium iodide a con- 
centration of 6 per cent in the amount of 0.1 cc. and in the case of 
ammonia a 5 per cent solution of the same amount. We chose a 
weaker current, as has been said, one whicli in small arteries causes 
contraction and studied the reaction to it through aU ages up to the 
19th day, that is to say, shortly before hatching of the egg. In all 
stages of development the effect of stimulation of arteries of the same 
caliber is the same, namely, contraction. 

A difference in the manner of reaction is always visible. Capillar- 
ies react to weaker stimuli than do arteries. In this sense specimens 
which are younger differ from older ones. In specimens 3 and 4 days 
old, all the vessels respond to stimuli which in older embryos affect 
only those vessels which have the same small dimensions as the young 
ones. The larger vessels in older embryos require stronger or longer 
stimuli. For example, stasis was observed in all arteries in 3 to 4 
day old embryos as the result of applying an electrical stimulus of a 
certain strength for 20 seconds. In specimens 18 days old on the con- 
trary this stimulus applied to large arteries required twice the dura- 



A. E. COHN AND ERITZ lANGE 


83 


tion, namely, 40 seconds or a correspondingly stronger stimulus for 20 
seconds to bring about the same effect. This striking difference is to 
be e.xplained in terms of histology. 

Anatomical Investigations 

There are satisfactory investigations by Popoff (1) and H. \ffrchow 
(2) on the distribution and branching of blood vessels of the vascular 
membrane of chick embryos at various ages, but a comparative his- 
tological study of these vessels at aU stages of development has not so 
far been published. In especial nothing is known on the presence of 
elastic tissue nor of the appearance of degeneration in the older aged 
groups. In the very early stages of development studies have been 
made by Sabin (3) both in living preparations and histologically. 
According to her investigations a continuous differentiation of mesen- 
ch3anal cells to angioblasts takes place in the first 2 days. These 
cells develop first in the membranes which are of interest to us. Angio- 
blasts differentiate further during the course of the 3rd and 4th days 
of incubation. The angioblasts give rise to endothelium, blood plasma 
and blood islands. Only those structxires are called blood islands 
which develop hemoglobin and become erythroblasts. The lumina of 
the blood vessels come into being through a process of cytolysis either 
in the centers of the cell masses or in the cytoplasm of single cells. 

Our histological description begins at the 3rd day of incubation 
when the flow of blood in the vascular membrane has become 
established. 

Technique . — Freshly opened eggs were fixed in formalin, Mueller formol or 
Zenker’s solution. Blocks of paraffin or of gelatin were then made which were cut 
in series from the marginal veins to the embryo. Specimens of various ages were 
so prepared, cut either horizontally or transversely. They were stained with 
hematoxylin and Van Gieson’s solution, resorcin-fuchsin and Sudan hemalum. 

Description of Embryos 4 Days Old . — Radiating from the embrj-o there are ridges 
and folds which press into the yolk. In these folds the blood vessels nm. The 
arteries lie in the folds nearer the yolk. They consist of single rows of flat or 
spindle cells, the circumference of the wall being the length of 10 to 12 cells. In 
the surroxmding area there is a loose mesh network in which there are large nudeL 
These cells do not belong to the arteries since they are also to be found without 
relation to them. Within the vessels there are free nucleated cells either round or 
spindle-shaped depending upon the aspect which they present. Laterally from 
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the arteries lie two veins. In comparison with the arteries the}'- have a character- 
istic form. The}'- are polygonal or flattened and adapt their shape to the space 
which is available, in this case, half surrounding an arter}^ Their wall is thin and 
consists of a single layer of cells. Arteries and veins are immediately juxtaposed 
so that at such places two layers of flat cells are to be found. There are no clastic 
fibers and no collagen. All vessels that belong to the yolk have the same form and 
are to be distinguished only b}’- their size. 

Description of Embryos 10 Days Old. Vessels at a Distance from the Embryo . — 
In the interval the dimensions of the arteries have increased to a five-fold extent. 
The wall turned towards the yolk consists of a single layer of cells. The}’- contain 
a light staining protoplasm. The nucleus stains darker and contains many dark 
points arranged about a larger, more compact, area within. The relation of 
arteries and veins is less intimate; the veins run, at least in part, an isolated course. 

Vessels near the Embryo. — Arteries have come to differ from veins through the 
distinct difference in thickness of their walls. On cross section the arteries appear 
to be round in contrast to the veins which are capable of taking on a variety of 
forms. The veins surround the arteries to the extent of a half to three-quarters of 
their circumference. The artery is embedded in the loose web-like tissue of the 
embryonic membranes. Their walls are about 5 cells thick. Their arrangement 
is lamellar. The nuclei are arranged in the long axis. The protoplasm appears 
mo're concentrated and is less in amount. The inner layer consists of somewhat 
taller endothelium. Between the cells delicate fibers stained bright red with 
Van Gieson’s solution are to be found. There are no elastic fibers and no fat. 
The veins exhibit, surrounding the single row of cells of which they are formed, a 
layer of cells somewhat loosely meshed, the cells being large and composed of light 
staining protoplasm. Between the largest and the smallest arteries transitions 
occur ranging in dimension from arteries presenting two to three layers of cells to 
those of the largest size. The arrangement is always circular and never longitudi- 
nal. The smallest blood vessels, namely capillaries, often appear close to arteries, 
touching their outermost layers, but do not penetrate their walls. 

Description of Embryos 14 Days Old. Vessels at a Distance from the Embryo . — 
The smallest arteries are buUt like capillaries and are to be distinguished from 
them only according to their size. They are of exactly the same form and struc- 
ture as were those described in embr}’-os of an earlier age. Nearer the embryo 
there are likewise to be found larger arteries of 2 to 5 layers. 

FejJcZs near the Embryo. — A large arter}"- of about 12 layers is to be found, the 
lumen being lined with a single layer of endothelium. Surrounding this is a 
longitudinal layer three cells thick. Beyond is a circular layer seven cells thick. 
Outside the vessel there lie connective tissue cells irregularly distributed and loose 
meshed, the cells containing small nuclei. The protoplasm of the cells in the ar- 
terial wall stains brown with hematox}din and Van Gieson. These are young 
muscle cells. Distributed among them there are a few collagen fibers stained pale 
red. In the loose meshed tissue which is to be regarded as the adventitia there are 
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a few collagen fibers but there are no elastic fibers and there is no fat. The veins 
have a larger lumen than the arteries and are built of single la 3 ’’ers of endothelium 
and about two laj-ers of cells. The cell layers appear to be looser meshed than in 
arteries. 

Embryos 18 Days Old. Description of the Vessels Far Removed from the Embryo . — 
Arteries built like capillaries are to be found as well as small arteries such as have 
alreadj' been described. 

Vessels near the Embryo. — ^The arterial trunk described in embrj'os 14 da 3 's old 
is to be found also here. The wall has become thicker. The nuclei are well 
stained and their structure unchanged. There is no evidence of nuclear degenera- 
tion, decrease in the size of the nuclei nor indeed of an 3 ' other change. There is 
no fat in the wall nor any elastic fibers. 

At the Site of Transition to the Embryo. — ^The form of the artery is unchanged. 
There appear to be more collagen fibers. Sections stained with resorcin-fuchsin 
exhibit stoutly developed elastic fibers. In the outer third of the muscle la 3 'er 
there lies a broad band of elastic fibers passing in part into the adventitia. This 
zone consists of about five layers of short twisted elastic fibers which form a mesh- 
work. There is a second layer of elastic fibers very’ fine in structure, which forms 
the internal elastic la 3 'er close under the single layer of endothelial cells. This 
structure also is not closely organized, but consists of single short slightl 3 ' curved 
fibers which run circular^'. Neither fat nor an 3 ' other form of degenerative sub- 
stance is to be found. This part of the artery' exhibiting elastic fibers should no 
doubt be reckoned as being part of the embrym. This is the portion in which, as 
has been described in Part I, nerve fibers were found. 

In the embryo itself in the early stages there are definite elastic 
rings in arteries of very much smaller dimensions than in the vascular 
membrane. The proof that elastic fibers occtu- in arteries -within the 
embryo, whereas in those -without there are none, is certain since in 
one and the same section both the embryo itself and the vascular 
membrane are frequently foimd. 

SDMMARY AND DISCXTSSION 

On the basis of the anatomical studies presented the following 
inferences or conclusions are dra-wn. 

1. In the course of development there appear in the vascular mem- 
branes of chick embryos arterial vessels of all calibers, namely, capil- 
laries, small arteries with 2 or 3 cell layers, and large arteries formed of 
endothelium, longitudinal and circular layers of muscle and adventitia. 

2, In none of the stages are elastic fibers developed. Only'- in the 
most central portion of the umbilical artery, in that portion namely 
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which is to be regarded as belonging to the embryo, are elastic fibers 
discoverable. 

3. The structure of capillaries is histologically the same at all 
stages. The small arteries of embryos 10 days old resemble histo- 
logically those of 18. At no stage of development are appearances of 
degeneration nor of fat to be found in arteries. 

When the physiological results of our investigations are compared 
with the anatomical ones the following comments may be made. In 
respect to Paragraph 1 of the anatomical results we may remark that 
when we study the different forms of the wall of arterial vessels the 
most delicate vessels consisting of single cells exhibit the greatest 
irritability. Those whicli are built of 3 to 4 muscle layers are less 
irritable. Stouter vessels appearing for the first time at 10 days of 
incubation require stronger stimuli to bring about the same reaction. 
In respect to Paragraph 2 of the anatomical results we may make this 
comment. The absence of elastic fibers in all arteries of the embryonic 
membranes throughout the period of tlieir development is important 
in defining a physiological property of the larger vessels. 

The medium and larger vessels, beginning with the 4tli day of in- 
cubation, contract differently from normal adult human arteries. In 
the contracted state they appear in cross section not as small replicas 
of larger circular structures, but take on a new form. During the 
course of contraction they become flat and appear band-like as would 
a garden hose when it is compressed by a weight. In examining a 
vessel so contracted one sees on rotating tlie vessel either a broad side 
or a narrow one. It is for this reason that such arteries appear alter- 
nately narrow as a line or broad as a band. It is not until the narrow 
artery is elevated with a hook that its uniform band-like nature be- 
comes evident. The absence of elastic tissue, the presence of whicli 
in all probability is mainly responsible for the usual shape of arteries 
on cross section, permits one to see how the phenomenon which has 
been described may come about. Concerning Paragraph 3 of the 
anatomical conclusions we have this to say. According to the histo- 
logical investigation a stage of degeneration is wanting in the blood 
vessels of the embryonic membrane in a sense in which one is accus- 
tomed to see such changes in other blood vessel systems during the 
course of life. On the day of hatching the constituent cells and fibers 
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of the arteries of all calibers are anatomically the same as in tbeir 
early development. These vessels do not die as the result of aging: 
The nutrient fliud ceases to flow because of contraction of the umbili- 
cal vessels. The blood vessels die in complete possession of their 
physiological irritability and anatomical integrity. The unaltered 
irritability of blood vessels of the same cah'ber at all ages is consonant 
with their imaltered anatomical structure. 

We wish to express our thanks to Miss Nelda Eicci for technical 
assistance. 
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STUDIES ON THE BLOOD VESSELS IN THE MEMBRANES 
OF CHICK EMBRYOS 

Part TV. Modification of iKRiTABiLiTy of the Blood Vessels 

By fritz LANGE/ M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, April 23, 1930) 

We studied the reactions of the blood vessels in the vascular mem- 
branes of chick embryos in Part U of this series. There we described 
changes which took place quantitatively and qualitatively in response 
to stimuli. It was our care in the earlier experiments to maintain 
the environment constant. In the present experiments we intended 
conversely to keep the stimulus constant but to change the environ- 
mental conditions. The question we have asked ourselves is, of 
course, whether with the same stimulus a difference in the irritability 
of the blood vessels can be brought about by altering the environment. 

To obviate the danger of drying, due to the increased length of 
time required by these experiments, a substitute procedure was 
devised. We placed the eggs in Ringer's solution through which oxy- 
gen was bubbled. It was, of course, necessary first to be certain 
that this arrangement did not interfere with the viability of the 
embryos. 

Experiment 1. — Eggs were opened on the second day of incubation, the albumen 
for the most part was drained off, and the yolk was laid in the Ringer’s solution 
through which, as has been said, oxygen was continuously bubbled. At the be- 
ginning of the experiment the embryo with its membranes was 11 mm. in diameter, 
the blood vessels were not yet developed, and the embryo itself white in color. 
24 hours after the beginning of the experiment the embrj'o and its membranes 
measured 14 mm., the heart was red and contracted 120 times per minute. In the 
blood vessels there was flow of red blood. At the end of 48 hours the embrj’o and 
its membranes measured 16 mm,, the heart beat at the rate of 120, and there was 

* Privatdocent at the First Medical Clinic, University of Mimich. Associate 
in Medicine, The Rockefeller Institute for Medical Research, 1928-29. 
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vigorous flow in the vessels. On the 3rd day, the rhythm of contraction of the 
heart was irregular. 

It is clear from these observations tliat the embryo including the 
circulatory apparatus grows normally for 2 days in this solution. 

The demonstration of the viability of embryos and their membranes 
was sufficient to warrant the performance of experiments, the duration 
of which in no case exceeded 1 hour. We needed, of course, to be 
certain that oxygen in the concentration in which it was used exercised 
no effect on the irritability of the blood vessels of the embryonic 
membranes. 

Experiment 2 . — ^This was of a preliminary nature and was repeated in each case 
before proceeding to further tests. After opening the egg a branch of an artery 
was stimulated. Stasis occurred after the stimulus had been applied 3 times for 
10 seconds. Then the preparation was irrigated with Ringer’s solution through 
which oxygen was bubbled for 5 minutes. The vessel was again stimulated and 
stasis occurred again after 3 successive periods of stimulation each 10 seconds long. 

We concluded that Ringer’s solution through which oxygen was 
passed did not alter the irritability of the blood vessels. 

We used carbon dioxide of known concentration in our experiments. 
It appears from the experiments of Hammett and Zoll (1) that saturated 
solutions of carbon dioxide bring about constriction of the vessels. 
Contraction takes place if the solution saturated with gas is injected 
under the membranes, as in the experiments of Hammett and Zoll, 
as well as when the surface is bathed with Ringer’s solution which 
during this process is exposed to carbon dioxide in the usual fashion 
by bubbling the gas through the solution. These results we were 
able to confirm. We reduced, therefore, the concentration of carbon 
dioxide in Ringer’s solution to a point at which it had no longer an 
effect upon the blood vessels. 

Experiment 3. — Ringer’s solution was placed in a glass burette having a capacity 
of 50 cc. Through this, air containing 5 per cent of carbon dioxide was bubbled 
so that 60 bubbles passed through in a minute. The egg after it had been opened 
was bathed with this solution. At the end of an hour the contractions of the heart 
remained unchanged, the rate being 128 per minute. No change took place in the 
diameter of the vessels, nor in the flow of blood through them. 
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We concluded that bathing the membranes with Ringer’s solution 
containing carbon dioxide, the hydrogen ion concentration being be- 
tween 7 and 6, would occasion no change in the rate of the heart or in 
the diameter of the vessels. 

In view of the preliminary e.xperiments which have just been de- 
scribed we adopted the following plan of operation. 

A burette was pro\’ided -with; (1) a tube through which oxj-gea was introduced, 
(2) a similar one for the delivery of carbon dioxide, and (3) a funnel through which 
salt solutions could be delivered. A tube led from the bxnette to a small glass 
cannula from which the solution designed to bathe the egg was permitted to drop. 
The perfusion stream was directed so that it fell not upon the embrj'o itself nor 
upon its membranes but on the surface at a distance from them, yet in such a way 
that the stream passed over the vascular layer. Direct impact of the fluid would 
have occasioned a mild stimulus the effect of which would have been characterized 
as we now know by dilatation of the vessels and a rapid rate of flow, the “state of 
fluxion.” 

Stimulation was supplied by means of a faradic current, the source being an 
Edison storage battery. To be certain that the current was constant, its voltage 
and amperage were continuously observed. The electrodes consisted of two cop- 
per wires a millimeter in diameter, placed a millimeter apart. With the exception 
of their poles they were carefully insulated. Observations were made with a bin- 
ocular binobjective Zeiss microscope. 

We measured the duration from the beginning of stimulation to the time of 
occurrence of stasis. To recognize this stage presented no difaculty because of the 
magnitude of the effect. Nor did this observation lead to error for the effect did 
not disappear and itself, therefore, served to control the observation. The ex- 
periments were all undertaken in a constant temperature room. Since the solu- 
tions and the gases were also kept here, the possibility of error due to alterations 
in temperature was excluded. 

These arrangements permitted observations in which the vessels 
were stimulated alternately in milieux containing carbon dioxide and 
in others free of this gas. 

After opening the egg: (1) Stimulation with a faradic current for 
20 seconds was undertaken. The result was stasis of the blood stream. 
(2) When irrigation with Ringer’s solution, /zee of carbon dioxide had 
been carried on for 2 minutes, stimulation with the faradic current was 
again applied for 20 seconds. Stasis again occurred. (3) When irri- 
gation with Ringer’s solution containing carbon dioxide had gone on 
for 3 minutes followed by stimulation with the faradic current lasting 
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150 seconds, iw stasis appeared. (4) Next we irrigated the membrane 
with Ringer’s solution which contained oxygen for 5 minutes and 
stimulated the vessels for 30 seconds. tS'/c^/j'.again appeared. (5) We 
irrigated again for 3 minutes with Ringer’s solution containing carbon 
dioxide. Tliis was followed by stimulation with a faradic current 
for 200 seconds, but no stasis occurred. Finally, we irrigated the 
preparation with Ringer’s solution containing oxygen for 5 minutes 
and now stimulation with faradic current for 30 seconds only, was 
followed by the occurrence of stasis. Forty experiments Hke this 
were performed. 


DISCUSSION AND SUMMARY 

When faradic stimulation was undertaken of vessels irrigated with 
Ringer’s solution, which alternately contained and was free from 
carbon dioxide, it was observed that the reaction was far less when 
the solution contained carbon dioxide. A reversal of tlie effect could 
be obtained many times. It appears, therefore, that when Ringer’s 
solution contained carbon dioxide in the concentration described, 
the irritability of the vessels to electrical stimuli decreased, although 
carbon dioxide by itself and in the absence of the application of the 
stimuli, appeared to be void of effect upon the vessels. The rare, 
divergent results were traced to technical errors. 

We attempted to discover whether the observed decrease in irrit- 
ability of the vessels might not be due to the absence of oxygen. For 
this purpose we irrigated the vessels with Ringer’s solution alternately 
containing nitrogen and oxygen. When nitrogen caused any change 
this was due to an influence on the rate of the heart and not on the 
irritability or reactivity of the arteries. In whatever way we tried 
we were unable to bring about a change in reactivity of the arteries 
by creating a condition of oxygen lack independently of a change in 
the rate of the heart beat. 

We attempted to study also the effect of other acids beside carbon 
dioxide on the changed reactivity of tlie arteries. Irrigation with 
various concentrations of lactic acid was without result. We also 
employed solutions buffered with potassium and sodium phosphate. 
When the irrigation was undertaken with these solutions having a pH 
range varying from 7.7 to 5.9 we observed neither a direct action nor 
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one which modified the preparation in such a way as to change its 
susceptibility to faradic stimulation. 

Important investigations have been published recently by Atzler 
and Lehmann (2) on the direct influence of the hydrogen ion concen- 
tration on the behavior of blood vessels. Hammett and Zoli believed 
that, as the result of their experiments in which they attempted to 
bring about stimulation with solutions of concentrated carbon dioxide, 
they were able to exclude the possibility of action due to acid alone 
and therefore ascribed to carbon dioxide a specific effect. In our own 
experiments the method of irrigation does not permit an inference 
whether, or how far, an acid effect plays a role in the carbon dioxide 
experiments. For beside the question of hydrogen ion concentration 
and of buffering, the question of the penetration of substances from 
the surface to the contractile elements of the wall of the vessels requires 
to be considered. Carbon dioxide has an ability, beyond that of all 
other substances, to penetrate through tissues (3). It may be owing 
to this property that we could influence the reactivity of the blood 
vessels with it and it alone. 

This possibility must be further investigated. In these experi- • 
ments, however, it was our object to show only that it was possible 
to influence the irritability of blood vessels experimentally. The 
conclusion is justified by our experiments that carbon dioxide in small 
concentrations reduces the threshold of irritability for electrical stimuli 
of the blood vessels of the embryonic membrane. 
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ENHANCED PASSIVE IMMUNITY TO STREPTOCOCCUS 
INFECnON IN RABBITS 

By F. P. gay, M.D., and A. R. CLARK, Ph.D. 

{From the Department of Bacteriology, College of Physicians and Surgeons, Columbia 

University, Neao York) 

(Received for publication, April 18, 1930) 

We have been engaged for a number of years in studying the local 
intrapleural infection in rabbits produced by a strain of Streptococcus 
haemalylicus of increased and extreme %nrulence. These studies have 
shown that the rabbit dies uniformly of empyema on receiving a dilu- 
tion of a 24 hour broth culture that contains not more than ten chains 
of the streptococcus. The resistance may be markedly increased, so 
that animals recover without lesions, by producing, with indifferent 
substances, ceU accumulations in the wall of the pleural cavity pro- 
vided that these accumulations be allowed to pass into the stage of 
mononuclear (clasmatocyte) cell infiltration (Gay, Clark and Linton). 

Rabbits with a granulating pleura of this type are able to withstand 
many multiples of the lethal dose. It appears that this accumulation 
of clasmatocytes is effective not as a mechanical obstruction to infec- 
tion but in virtue of the phagoc3rtic value of its accumulated cells 
since inoculation in the opposite pleura, where no cell accumulation 
has taken place, also results in protection and can be shown to be due 
to a transpleural mobilization of the cells accumulated in the other 
cavity (Gay, Linton and Clark). It may further be shown that 
clasmatocyte mobilization in the peritoneum may be attracted through 
the diaphragm into an infected pleura and protect (Linton), and 
further that a transferred granulating omentum from one animal of 
the same spedes or even from an animal of another spedes (guinea pig 
into rabbit) may in a certain percentage of cases produce the same 
protection in a second animal. Throughout our experiments accumu- 
lations of polymorphonudear cells have failed to produce the same 
protection. We feel justified in referring to this condition with the 
streptococcus as an "enhanced natural resistance” due to mobilization 
of mononudear cells. 
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Unfortunately mononuclear mobilization although extremely effec- 
tive in the streptococcus infection we have studied produces little or 
no result with some other microorganisms, for example with the 
pneumococcus and with PaslctircUa Icpiscplicus. To consider more 
attentively the case of pneumococcus local infection it appears (Clark) 
that the mononuclear cells are by no means without function, for if 
the pneumococci have previously been treated with an immune 
serum (sensitized), mononuclear accumulations suffice, and alone 
suffice, to protect the animal. Such sensitized bacteria are uniformly 
fatal for normal rabbits or for rabbits with polymorphonuclear accumu- 
lations. These observations led us (Gay and Clark, 1929) to suggest 
an explanation for tlie failure of the majority of antibacterial serums to 
produce striking therapeutic results. This h 3 ^othesis is to the effect 
that such serums, directed against the bodies of bacteria rather than 
their toxins, are ineffective not because they lack appropriate or 
sufficient antagonistic properties (antibodies) but because the cells 
which are readily mobilized in the actively immune animal are lacking 
in the animal to which the serum has been passively transferred. The 
experimental results herewith reported are the first contribution which 
confirms this hypothesis. 

A series of experiments with pneumococcus infection by various 
routes in rabbits seemed to indicate that a combination of homol- 
ogous antiserum plus normal mononuclear cells is more effective in 
protecting a normal animal against infection than the serum alone. 
However, the antiserum obtained in rabbits is in itself so markedly 
protective that we do not regard our experiments as convincing as yet. 
On the other hand a return to our experiments with streptococcus 
seems to show in no uncertain way that cells increase markedly the 
protective effect of an homologous antiserum. As long ago as 1920 
Gay and Stone showed that the serum of rabbits h 3 T)erimmunized 
against the streptococcus and containing various antibodies in con- 
siderable concentration was relatively ineffective in protecting rabbits 
against intrapleural infections with the same organism even when 
injected simultaneously with the infecting organism. With a dosage 
of 1 to 2 cc. of serum only 5 out of 20 animals (25 per cent) recovered. 
It should be repeated that the control animals always died uniformly 
from much smaller doses of organisms and in all attempted therapeutic 
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experiments of tins sort at least 200 lethal doses are employed. In 
repeating these experiments recently we have obtained similar results. 
The intrapleural administration of from 0,2 to 2 cc. of rabbit anti- 
streptococcus serum failed to protect 3 animals when given simul- 
taneously and protected only 2 out of 10 animals when given 2 hours 
before the infecting dose. "When the serum was administered intra- 
venously from 1 to 24 hours before the streptococcus and in a dose of 
from 1 to 5 cc. only 1 animal out of 11 (9 per cent) survived. 

From previous experiments (Gay and Clark, 1925) we find that 
although the serum in a single dose or several doses, beginning at the 
time of infection, is ineffective, protection may be regularly effected 
by giving antiserum 24 hours before the infection and again simul- 
taneously with it. Under these conditions the pleural cavity becomes 
sterile within a few hours. On further analysis it was found that 
normal rabbit serum would also eventually result in sterilization 
although at a slower rate. We believe that we were able to show 
conclusively that this protective effect was associated with stimulation 
produced by the first dose, and mobilization produced by the second 
dose, of clasmatocytes in these protected animals. We did not at that 
time, however, point out the relation of antibodies to the more rapid 
result effected by the immune serum over the normal sermn. 

It remains to show that the presence of antibodies increases the con- 
siderably effective protection assured by clasmatocytes alone. This 
we have done in the following manner. 

A. A series of 12 rabbits in several separate experiments were inocu- 
lated in the pleural cavity with streptococci corresponding in numbers 
to from 20 to 10,000 m.l.d. but previously e.xposed to sensitization by 
rabbit antistreptococcus serum in a dosage of from 0.2 to 0.5 of anti- 
serum to 2 cc. of a 24 hour culture. These animals all died. In other 
words sensitization of the streptococcus by an immtme serum does not 
protect the animal, 

B. As we have already repeated, animals with pleural cavities 
prepared by injection of an aleuronat starch mixture 3 days pre'riously 
are usually protected against direct inoculation of at least 200 m.l.d. 
of the streptococcus. When the infecting dose is given in the other 
cavity, imaffected directly by previous inoculation, protection may be 
evident although the results are uncertain and not effective against so 
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many lethal doses as in the originally prepared cavity. In this series 
7 animals were prepared in the right cavity with aleuronat and starch 
and 3 days later injected in the left cavity witli from 300 to 10,000 
M.L.D. Of these animals 4 died and 3 survived (43 per cent). Of the 
survivors 2 received 300 and the other 1000 m.l.d. 

C, Eight animals were prepared in the right cavity as in Series “B” 
and injected in the left cavity with 500 to 10,000 m.l.d. of sensitized 
culture. Of these animals 5 survived and 3 died (62,5 per cent). 
Those that died had received only 1000 m.l.d., whereas 3 of the sur- 
vivors had received 10,000 m.l.d. 

There seems no reason to question from these e.xperiments that a 
combination of clasmatocytes (in themselves distinctly protective) 
and of antiserum (only slightly protective) is superior to either factor 
alone. 

It is evident, however, that experiments of this type vnth sensitized 
bacteria do not correspond to conditions of natural infection with 
normal \'irulent organisms in spite of the fact that the sensitized cul- 
tures seem as fatal as untreated cultures. 

We have previously shown (Gay and Clark, 1926) that the mononu- 
clear exudate of an animal that has received aleuronat and starch 3 
days previously and is itself protected has in the test tube no greater 
destructive property than the exudate (pol}Tiiorphonuclear) of an 
animal prepared the day before and which is unprotected. In both 
instances the whole exudate fails to destroy streptococci but the super- 
natant fluid if immediately removed does have definite bactericidal 
properties. We further found that the mononuclear exudate of a non- 
specifically protected animal has no power of transferring this protec- 
tion to another animal. As much as 21 cc., in divided doses, beginning 
simultaneously with the infection, have been given to a rabbit without 
result. When, however, we employ the exudate of an actively im- 
munized rabbit we find that the majority of animals treated with even 
small doses ranging from 0.2 to 4 cc. are protected in a majority of 
instances; 15 out of 20 rabbits (75 per cent) treated in this way witli 
immune exudate survived. The exudate may be given either 2 hours 
before or simultaneously with the infecting dose and apparently with 
equally good effect. 

Supernatant fluid of such an immune exudate alone, without the 
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cells of the exudate, rarely protects. There were 2 survivors out of 15 
animals (13| per cent). It should be noted that in both of these 
experimental groups above cited protection seemed equally good when 
a 24 hour immune exudate was used as when a 3 day immune exudate 
(mononuclear) was employed. This seems a distinct difference from 
the contrast in protection in normal animals when these two grades of 
irritation have been produced in the pleura. 

Further analysis shows that the cells alone of either mononuclear or 
polymorphonuclear exudate irrespective of whether they are from 
immune or normal animals do not protect and apparently the high 
degree of protection afforded by the whole immime exudate is due to the 
presence of antibodies in the supernatant fluid as well as cells. Such 
antibodies are always present though in slightly weaker titer than in 
the antiserum. It is evident that both cells and antibodies are neces- 
sary for if we add to the sediment of 1 cc. of either normal or immune 
exudate which may in turn be either polymorphonuclear or monuclear, 
an antiserum or an immune supernatant fluid the majority of animals 
are protected, 8 out of 9 or 89 per cent. Normal supernatant fluid plus 
cell sediment does not protect. 

For some reason when whole exudate either immxme or normal was 
added to antiserum the protection was less marked, that is only 2 out 
of 9 animals survived (22 per cent). We are not prepared to explain 
this discrepancy except to say that the total amoimt injected in these 
animals was usually larger than when the sediment of ceUs was em- 
ployed and that failure may have been due to the volume or to excess of 
antibodies. 

The experiments so far seem to show that a highly effective mono- 
nuclear cell mobilization is still further increased in protective effi- 
ciency by the presence of an antiserum which in itself is relatively 
ineffective, or conversely that the action of antistreptococcus serum in 
the experimental pleurisy in rabbits is definitely intensified in its 
effect if suitable cell acounulations are present at the seat of infection. 
Having established this main point it remains to seek a more effective 
adaptation to natural conditions of infection, particularly in the line 
of curative serum therapy. We can only suggest certain lines of in- 
vestigation on which we are at present embarked. 

If a normal exudate from the rabbit is given in the pleura 18 hours 
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previously and an antiserum given intravenously at the time of infec- 
tion the animals survive (only three have been tested in this fashion). 
All the controls with the pleural treatment or with pleural treatment 
plus normal serum intravenously at the time of infection, died. 


TABLE I 

Schematic ComparUon of Degree of Protection against Streptococcus Pleurisy in the 
Rabbit Afforded by Different Methods 


Preparation of animals 

Dosage strept. 

No. 

tested 

Mortal- 

ity 

Degree of 
protection 

Normal 

Normal with 24° polymorphonu- 

1 M.L.D. (10 chains)-}- 

66-}- 

100% 

0 

clear exudate 

200-}- 

8 

100% 

0 

Normal 

Normal with transferred normal 

20-10,000 sensitized 

12 

100% 

0 

exudate 

200-f 

8 

100% 

0 

Antiserum locally 

1000 -}- M.I..D. 

33 

77% 


Immune supernatant locally 

1000 -}- M.I..D. 

IS 

87% 


Antiserum intravenously 

1000 M.L.D. 

11 

91% 

dz 

Prepared 3 day (clasmatocyte), 





tested transpleurally 

300-10,000 M.L.D. 

12 

50% 

+ 

Prepared 3 day transpleural 

500-10,000 

sensitized 

8 

38% 

+ 

Local normal serum— 24° — normal 



1 


serum 

200 -h 

7 

29% 

++ 

Local antiserum — 24° — antiserum. 

200 -}- 

15 

26% 

++ 

Local immune exudate 

1000 -}- 

20 

25% 

+ + 

Prepared 3 days, same side 

Local cells (normal or immune) -J- 

200 -}- M,L.D. 

14 

14% 

-}--}-+ 

antiserum 

(Local normal exudate -j- anti- 

1000 -}- M.L.D. 

9 

11% 

+++ 

serum intravenously 

1000 -h M.L.0. 

3 

0 

-}-}-}-+?) 


It is as yet uncertain whether the cells of normal or immune exudate 
are themselves active in increasing the protection by antiserum or 
whether they simply stimulate the local tissue to a rapid clasmatocyte 
response. The latter possibility is suggested by the fact that a poly- 
morphonuclear exudate is as effective as a clasmatocyte exudate and 







r. P. GAY AND A. R. CXARK 


101 


yet the donor of the early exudate is unprotected. We have not yet 
fully determined whether dried cells are as effective as fresh, cells or 
whether local irritation with some other protein such as aleuronat or 
milk may do as well as cells. All attempts hitherto to produce a 
general stimulation of leucocytes by intravenous injection of vaccines, 
both specific and non-specific, or by indifferent proteins have failed to 
increase the effect of antiserum on the local infection. 

In short, aU that we feel justified in sa3nng at the present time is that 
there appears from these experiments in local streptococcus infections 
in the rabbit definite evidence of the possibility of an enhanced passive 
immunity as previously defined, produced by a combined action of an 
antibacterial senim, which is in itself relatively ineffective, and normal 
cellular exudate locally, which in itself has no effect. 

Table I is designed to give a schematic indication of the various 
methods of preventing experimental pleurisy which we have in- 
vestigated. 


STTMMARY AND CONCLITSIONS 

The experimental work herein reported tends to justify our hy- 
pothesis recently expressed, that the common failure of antibacterial 
serums to combat active infections when passively transferred to a 
normal animal, is due not so much to a lack of suitable or sufficient 
antibodies as to absence of cell preparation or mobilization in the 
recipient. In the case of experimental streptococcus empyema in the 
rabbit the course of the ordinarily fatal infection is in no wise affected 
by the transfer of the pleural fluid containing large numbers of mono- 
nuclear cells derived from an animal that is itself protected as a result 
of a non-spedfic irritation. The serum of a rabbit highly immunized 
against the streptococcus and containing antibodies for it, produces 
relatively slight effect in prevention or cure. 

In contrast to this the pleural exudate, either acute (polymorphonu- 
clear) or subacute (mononuclear), produced in an actively immunized 
animal does protect passively to a considerable degree. In a similar 
fashion normal exudate cells of either type in combination with the 
relatively ineffective antiserum give a high degree of protection. 

It remains for further analysis to determine whether this form of 
passive immunity by antiserum enhanced by the addition of cells 
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depends on the vital properties of the cells transferred or on their 
stimulation to cell mobilization in the recipient. And furthermore the 
extent to which this enhanced passive immunity may be effective in 
cure, and whether the cure is applicable to local or to both local and 
generalized infection remains to be seen. 
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The recognition of the fact that the blood chemistry is altered has 
given a new direction to the study of experimental trypanosome 
infections. 

Most of this work has dealt with the effect of the disease on the blood sugar, 
owing in part to the relative simplicity with which this factor may be studied, and 
in part to the claim of Schem, one of the first students of these changes, that the 
trypanosomiases are diseases in which the host’s sugar is utilized by the parasites 
in a manner entirely analogous with that of bacteria growing in a test tube. The 
literature dealing with this point has been reviewed by Regendanz (1). Schem 
(2), vonFenyvessy (3), and Scheff (4), have published figures which show that the 
blood sugar concentration falls as the number of parasites increases, while other 
workers, amongst whom Regendanz (1) has published the most complete data, 
believe that the hypoglycaemia is only a terminal phenomenon. It has become 
evident that the true state of affairs in these infections is more complicated than 
Schern supposed, and in the field of carbohydrate metabolism difficulties of in- 
terpretation have increased rather than diminished as more investigators have 
reported their results. 

Other blood changes have been much less thoroughly explored. Scheff (2) 
has published a report dealing with various aspects of the problem, beside the car- 
bohydrate metabolism. He emphasizes the amount of oxygen consumed by the 
tr3fpanosomes in vivo, a phenomenon which gives rise to an oxygen lack in the host, 
and leads eventually to death by “inner asphjTda.” The upset in oxygen metab- 
olism, the exhaustion of the free and reserve carbohydrates, and the probable pres- 
ence of a toxin, determine the death of the host, in Scfaeff’s opinion. 

Scheff’s data on the oxygen content of the blood could not be confirmed by Klig- 
ler, Geiger, and Comaroff (5). They found but little difference in this respect 
between normal and infected rats. Nor were the experiments which they devised 
to show a toxin successful. They incline to the view that the rapid multiplication 
of the parasites leads to the production of lactic acid in quantities which cannot be 
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successfully cared for by the host. The oxidative metabolism is thus upset, the 
alkali reserve depleted, and death ensues. 

Discordant results have also been reported in regard to the liver gl 3 ’^cogen. 
Scheff’s data point to an exliaustion of this substance as the infection progresses, 
while Regendanz believes that the liver glycogen is always present in sufficient 
amount to keep the blood sugar at a normal level, and that the terminal lowering 
of the glucose is due to the action of a tr 3 T)anosome toxin on the gl 3 xogen-glucose 
mechanism. 

The strain of T. cquiperdum was obtained from the H 3 'gienic Laboratory' in 
Washington. In rats it produces an acute septicaemic infection which terminates 
fatally in from 72 to 96 hours, after an incubation period which varies with the 
infecting dose. The majority'’ of animals will not survive a concentration of 
trypanosomes much greater than one million per cubic millimeter of blood, al- 
though occasionally' a concentration of nearly two mhlion is observed. The rat 
does not show any' resistance to the invader, so far as can be discovered. On the 
other hand, individual animals show marked variations in the number of parasites 
which they can tolerate before death ensues. Furthermore, the speed of repro- 
duction as shown by the length of time in which the number of parasites doubles, 
shows considerable variation from rat to rat. WTiether these are the results of 
individual resistance cannot be stated. It is clear, however, from the total counts, 
that the infection is by' no means such a clear-cut, mathematically reproducible 
one as other workers have described for other strains. 

Our present report deals with the foregoing matters and with 
certain other factors which have not yet been emphasized in trypano- 
some infections. These are points of attack by the parasites on the 
host’s metabolism, the understanding of which is necessary for a 
complete picture of the disease. We have been interested in this 
infection also because of the information it may yield for the study 
of acute septicaemias in general. Infection with our strain of Try- 
panosoma equiperdiim in the rat presents a relatively uncomplicated 
septicaemia; the infectious agents are confined nearly exclusively to 
the blood stream, wliile other tissues are involved to only a slight 
and irregular degree, and then only when the disease has almost run 
its course. Antibody production and leucocytic reactions are absent 
or evident to only a very slight degree; and the reticulo-endothelial 
system, the fundamental importance of which is well recognized in a 
large number of infections, is not involved (Dwijkoff (6)). 
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M elhois 

The CO 2 combining capacity, non-protein nitrogen, uric add, and chloride de- 
terminations were made b}' the usual laboratory methods * Micromethods were 
used for the other determinations, as follows: Liver glycogen — method of Slosse 
(7); blood sugar — method of Folin (8); lipoid phosphorus — method of Krasnow 
and Rosen (9); cholesterol — method of Ling (10). Blood was obtained by heart 
puncture under light anaesthesia with iso-amyl-ethyl baibitmric add (amytal), 
approidmately 7 mg. being given per 100 gm. of rat. In a few instances where 
the animals were in extremis anaesthesia was not used. 

The data on the animals are arranged in the tables according to increasing 
numbers of trypanosomes per cubic millimeter of blood. It must be emphasized, 
however, that this arrangement shows only roughlj'- the increasing severity of the 
disease. With this strain of try^panosomes, and with the stock of rats used, the 
lethal concentration varies greatly from one animal to another. For example, 
Rat 9, in Table II, with 925,000 organisms per cubic millimeter was moribund 
when bled, while Rat 16 in Table I, showing twice as many trypanosomes, still 
had several hours of life, to judge from its general appearance, breathing, acth-ity, 
etc. This example is the most extreme one that occurs in our data, but it serves 
well to illustrate that the arrangement of figures shows a relative rather than an 
absolute severity of infection. 

Carbon Dioxide Combining Capacity 

In Table I are presented the data for the CO 2 combining capacities of 
14 infected and 2 normal rats. Beginning with the fourth animal 
in the list (137,000 trypanosomes per cubic millimeter) all the infected 
rats show a well defined lowering of the CO 2 capacity. An addosis is 
thus present from an early stage of the disease, varying in intensity from 
moderate to severe. The addosis does not vary with the progress of 
the infection, as is shown by the figures for Rats 15 and 16, but drops 
while the number of trypanosomes is stiU small to varying levels below 
normal, and remains subnormal throughout. 

Non-Protein Nitrogen, Uric Acid, Chlorides 

The data on these constituents are presented in Table H, which gives 
the figures for 4 nonnal and 10 infected animals. Up to and indud- 
ing Rat 7 the figures fall within the normal ranges, but beginning with 

* I wish to thank Mr. S. Graff, of the Department of Biochemistry, for these 
determinations, and Mr. R. Rebold, of the same department, for the sugar deter- 
minations On the hydrolized glycogen. 
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a higher concentration of tr 3 '-panosomes (760,000 per cubic milJimeter) 
there is a definite rise in the non-protein nitrogen and in the uric acid to 
figures which indicate pathological changes in the kidneys. These 
changes appear as pretenninal rises, occurring at a time when 4 to 6 
hours represents the estimated length of life. 

Histologically the kidneys are normal until a late period in the 
disease. The changes which they show are those of an early nephro- 
sis. The blood vessels are greatl}'- swollen and in some areas hemor- 


TABLE I 


Carbon Dioxide Capacity of Scrum in Rats Infected zvitli Trypanosoma eqnipcrdnm 


Rat No. 

Topanosomes per cu. mm. 

CO] c-ipacity. Vo!, per cent 

1 

Normal 

59.5 

2 

Normal 

62.0 

3 

75,000 

65.0 

4 

137,500 

37.0 

5 

200,000 

13.6 

6 

225,000 

45.0 

7 

275,000 

35.0 

8 

525,000 

25.0 

9 

820,000 

47.8 

10 

825,000 

36.0 

11 

830,000 

31.9 

12 

850,000 

20.2 

13 

1,000,000 

31.5 

14 

1,125,000 

14.5 

15 

1,175,000 

46.0 

16 

1,850,000 

40.4 


rhages have occurred; the, glomeruli are enlarged and fill the capsules; 
sections stained with Giemsa show them to be swarming with trypano- 
somes. They seem, however, to be intact, and undamaged, and the 
same is true of the collecting tubules. The secreting tubules, however, 
have undergone marked changes; they are swollen, and in some places 
the cells are broken down; fat has appeared in them, in the form of 
droplets, in large amounts, while it is absent in the glomeruli and in 
the collecting tubules. In some cases albumin is present in the urine. 

The clilorides do not show any significant variations. In the three 
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TABLE n 


Non-Protcin Nitrogen, Uric Acid, and Chlorides in the Blood of Rats Infected with 

Trypanosoma equiperdum 


Rat No. 

Trypanosomes 
per cu. mm. 

Kon-prolcm 

nitrogen. 

^^g, per 100 cc. 

Uric add. 
Mg. per 100 cc. 

Chlorides. Mg. per 100 cc. 

Blood 

Serum 

1 

Normal 

39.6 

2.8 

482 

590 

2 

Normal 

33.0 

3.0 

461 

592 

3 

Normal 

29.0 

1.9 

453 

— 

4 

Normal 

32.0 

2.6 

468 

— 

5 

475,000 

37.0 

2.9 

470 

— 

6 

525,000 

36.0 

3.1 

432 

573 

7 

600,000 

36.4 

2.7 

465 

575 

8 

760,000 

42.0 

4.8 

472 

— 

9 

925,000 

138.0 

11.3 

381 

— 

10 

1,050,000 

73.0 

7.8 

420 

566 

11 

1,100,000 

47.0 

5.6 

459 

572 

12 

1,275,000 

57.0 

5.6 

453 

— 

13 

1,450,000 

56.0 

6.1 

470 

— 

14 

1,800,000 

40.0 

3.9 

— 

— 


TABLE m 


Lipoid Phosphorus and Lecithin in Whole Blood of Rats Infected with Trypanosoma 

equiperdum 


Rat No. 

Before infection 

1 After infection 1 

1 ' 

Percentage 

increase 

Trypanosomes 
per cu. mm. 

LiMid P. 
Mg. per 

100 cc. 

Lecithin. 
Mg. per 

1 100 cc. 

Lipoid P. 
Mg. per 

100 cc. 

I^thin. 
Mg. per 1 
100 cc. 

1 

8.05 

201 


258 

28 


2 

7.05 

176 

mSSm 

230 

30 


3 

9.25 

231 


250 

8 

300,000 

4 

8.9 

222 

10.85 

271 

21 

575,000 

5 

8.1 

202 

11.75 

293 

42 

575,000 

6 

8.9 

222 

10.8 

270 

21 

600,000 

7 

9.6 

240 

12.5 

312 

30 

625,000 

8 

7.8 

195 

10.55 

253 

35 

740,000 

9 

8.8 

220 

13.3 

332 

51 

850,000 

10 

9.05 

226 

11.6 

290 

28 

1,200,000 

11 

8.8 

220 

17.5 

437 

98 

1,800,000 
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instances in which they differ at all markedly (Rats 6, 9, and 10) they 
are lower than the normal range. 

Lipoid Phosphorus and Lecithin 

Table III contains the data for lipoid phosphorus, and the calculated 
lecithin content in eleven animals before and after infection. Without 
exception the animals show increases in these constituents. The in- 

TABLE w 


Cholesterol in Whole Blood, in Rats Infected with Trypanosoma cquipcrdnni 


Rat No. 

Cholesterol before 
'infection. Ms. per 100 cc. 

Cholesterol after infection. 
Jiff, per too cc. 

Trypanosomes 
per cu. mm. 

1 

76 



2 

81 



3 

68 



4 

71 



S 

87 



6 

80 



7 

86 



8 

82 



9 

80 

74 

717,000 

1,0 

74 

76 

750,000 

11 

67 

67 

820,000 

12 

76 

85 

830,000 

13 

73 

69 

850,000 

14 

76 

78 

900,000 

IS 

74 

84 

1,250,000 

16 

76 

83 

1 1,275,000 

17 

66 

69 

1,850,000 


crease begins very early in the course of the infection, when the para- 
sites have been in the blood but a few hours (Rat 1), and has become 
nearly twice normal when the disease ends. With two exceptions 
(Rats 3 and 11) the increase varies between approximately 20 per cent 
and 50 per cent of the figure obtained from the normal animal. 

Cholesterol 

Cholesterol determinations are given in Table IV. The figures 
show that no changes in this blood constituent occur as the result of 
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the trypanosome infection. The amounts of cholesterol during the 
severe stages of the infection are aU within the normal range, and 
vary but a few milligrams from the determinations before infection. 


TABLE V 


Liver Glycogen, as Glucose, and Blood Sugar, in Rais Infected voith Trypanosoma 

cqiiiperdum 


Rat No. 

per cu. mm. 

Grams of liver taken 

Glucose, ilg. per gram 
of liver 

1 

Normal 

1.162 

20.1 

2 

Normal 

1.117 

16.3 

3 

87,500 

1.043 

0 

4 

100,000 

1.269 

0 

5 

112,500 

2.085 

3.7 

6 

137,000 

1.064 

6.0 

7 

225,000 

1.108 

3.4 

8 

300,000 

1.198 

7.0 

9 

500,000 

0.688 

0 

10 

660,000 

2.426 

0 

11 

825,000 

1.172 

0 

12 

1,000,000 

1.081 

0 

13 

1,075,000 

2.098 

0 


Blood Sugar 


Rat No. 

Trypanosomes per ca, mm. 

Blood sugar. Mg. per 100 cc. 

1 

112,500 

67 

2 

292,000 

112 

3 

300,000 

141 

4 

575,000 

79 

5 

660,000 

88 

6 

740,000 

111 

7 

1,200,000 

75 


Liver Glycogen and Blood Sjigar 

Determinations of liver glycogen and blood sugar are given in Table 
V. The two rats in the earliest stages of the infection were without 
glycogen demonstrable by the method used. The other rats which 
were positive had low glycogen values, compared with the controls. 
The last five animals, with counts of 500,000 trypanosomes per cubic 
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millimeter and over, did not show any glycogen, even when, as in two of 
the cases, over 2 gm. of liver were taken. Histologically, the livers of 
these animals show an enormous accumulation of fat. 

DISCUSSION AND SUMMARY 

Our results show that animals infected with T. cquipcrdum suffer 
from an acidosis that is present continuously from an early stage in 
the disease, and that this condition is complicated subterminally 
by the breaking down of the kidney structure. It is difficult to esti- 
mate how much influence the renal condition may have on the ani- 
mal’s death, but it is probably an important contributory cause. 

The increase in lecitliin may be of significance in relation to the 
disappearance of the liver glycogen and the maintenance of a normal 
blood sugar level. It is known that fat circulates in the blood as a 
lecithin-like compound (Bloor), and the production of sugar from fat, 
and of dextrose from glycerol (12), in the animal body, appears to be 
possible. For trypanosome infections, however, such statements can 
only be considered as suggestive possibilities, particularly in view of the 
fact that a hypoglycaemia develops whUe large amounts of fat are still 
present in the liver. 

The absence of any change in the blood cholesterol in T. equiperdutn 
infections is in contrast with the changes found for this constituent 
in various diseases such as typhoid fever, scarlet fever, and erysipelas; 
and in chronic infections such as malaria and syphilis. Our results 
also differ from those of Dubin (13) on one dog infected with this 
same organism. In this case, the infection was presumably a chronic 
one, and the dog had a cholesterol and lecithin blood content lower 
than normal. Our results for normal rats, using Ling’s technique, 
are about 10 per cent lower than those reported by Randles and ICnus- 
son (14), who used Bloor’s method. 

SUMMARY 

The CO 2 capacity of the serum is markedl}’^ lowered early in infection 
with Trypanosoma equiperdum. 

The non-protein nitrogen and uric acid constituents of the blood are 
increased in the terminal stages. The kidneys also show terminal 
degenerative changes. 
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The cholesterol remains unchanged throughout. 

Lecithin is markedly increased, most of the observations showing a 
20 per cent to 50 per cent rise in this substance. 

Liver glycogen is lower than normal in the early stages and could 
not be demonstrated in the later stages of the infection. 

The blood sugar remains normal until a very late period in the 
disease. 
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THE SURVIVAL OF YELLOW FE\T:R \TRUS IN CULTURES 

By PAUL A. LEWIS,* M.D. 

{From the Yellow Fever Laboratory of the International Health Division, 
Rockefeller Foundation, Bahia, Brazil) 

(Received for publication, April 10, 1930) 

During the period from January to June, 1929, blood and tissues 
from many rhesus monkeys, experimentally infected -with yellow 
fever, were planted in a variety of artificial media. Cultures* were 
made, also, from several samples of human blood from patients with 
yellow fever; but these were prepared imder less favorable circum- 
stances than the cultures of monkey material, since there was usually 
a lapse of several days between the withdrawal of the sample and its 
arrival at the laboratory. The great majority of the cultures re- 
mained bacteriologically sterile, as determined by the absence of 
visible growth and our failure to find organisms by dark field ex- 
amination and in stained smears. 

Injection of Cultures into rhesus Monkeys 

Cultures were injected into Macacus rhesus, and some of the inoculated animal 
subsequently had febrile temperatures; in a few instances it was possible to 
prove that yellow fever had really been contracted. In Table I a brief summaiy is 
given of nine experiments in which the proof was complete. 

The longest period intervening between inoculation of culture medium and 
injection therewith of a test monkey, with resulting yellow fever, was 12 days. 
In this mstance, McNeal-Marchoux medium had been employed, but the most 
consistently satisfactory results were obtained with a special egg medium. This 
was a modification of McCoy’s egg-yolk medium (1) for the cultivation of B. 
tularense. Its composition and mode of preparation were as follows: 

Egg yolk 110 gm. (approximately) 

Rabbit blood (defibrinated) 40 cc. 

Distilled water 50 cc. 

The ingredients were thoroughly mixed, coagulated in a slanted position in the 
Arnold sterilizer, and sterilized fractionally at a temperature of 75®C. In later 

* This paper was prepared by Dr. N. C. Davis from the laboratorj* notes of Dr. 
Paul A. Lewis, who died of yellow fever in Bahia, Brazil, June 30, 1929. 
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TABLE I 

Yellow Fever Infections in Monkeys Following Injection of Cultures Inoculated with Virtis 
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second 4-day period. 

t Culture also contained Leptospirae. 
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experiments part of the egg yolk in this mixture was replaced bj' monkey Ih'er and 
the medium was heated to 100°C. However, in the experiments in which the 
latter mixture was used, the results were negative. 

A number of trials were made with the “^lOX” medium recommended by 
Kuezynski (2). It was impossible, however, to obtain the “normosal” called for 
in this formula, so a 1 ; 5 dilution of sea-water was used instead. It is believed that 
none of the animals which were injected with cultures made on this medium con- 
tracted yellow fever. In one series the original quantity' of blood was small (0.0001 
cc.) , but if the medium had been as favorable to the multiplication of the causative 
organism as its originator claimed, there should have been no trouble in securing 
an infection at the end of 4 days. In another series, the quantity of infectious 
blood in each tube was about 0.1 cc., but the incubation of the cultures lasted 7 
days. 

One series of experiments was made with Noguchi’s semisolid Leptospira medium. 
Some of the inoculated tubes were left unsealed; the others were sealed with vase- 
line (partial anaerobiosis) . None of the monkeys injected with these cultures de- 
veloped y'ellow fever. In a second series, half of the tubes were inoculated with 
Leptospira icteroides (strain Palmeiras \0 in addition to the infectious blood, since 
it was thought that the virus might maintain itself better in symbiosis with Lep- 
tospirae. At the end of 1 week mild infections were obtained by the injection of 
media both -with and without Leptospirae; injections at the end of 2 weeks did not 
produce infection. 

In a series of fifteen tubes of coagulated egg medium, the condensation fluid was 
supplemented by an egg-liver-brain extract with a trace of some substance for en- 
richment, either dextrose, lactose, maltcee, sucrose, mannitol, glycerol, glycogen, 
peptone, or tryptic digest ; and to this was added 0.001 cc. of infectious blood diluted 
to 0.05 cc. with normal monkey blood. No infections resulted from injections of 
this material at the end of 1 week. 

The virus used in cultures represented three strains (Asibi, B.B., and S.R.) 
in routine use at the laboratory in Bahia (3). Except for the two cultures in semi- 
solid medium with S.R. strain xirus, all successful inoculations were with the Asibi 
strain. Cultures in Noguchi’s medium were maintained at room temperature 
(22 to 25°C.) ; the other cultures were incubated at 35°C. 

In addition to the experiments in which yellow fever was produced 
(see Table I), there were a number of others in which, without definite 
proof of infection, suggestive evidence was obtained. 

The most interesting of these concerned i&ier/tr Q, which was injected with ma- 
terial from a culture on egg medium 18 days old. The ammal had fever on the 
second and third day's following injection; the maximum temperature was 103.2’’F. 
16 day's after the first injection he was given an immumty test with fresh infectious 
blood and again had fever, this time for 6 days, with a maximum temperature of 
104.6°F. Recovery followed. 
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Injections oj dll 


Quantity of 
blood (cc.) 

E-xperiment I. 

Strain 
of virus 

Animal 

inoculated 

3.0 



1.0 

Asibi 

Rhesus F 

0.1 

Asibi 

Rhesus G 

0.01 

Asibi 

Rhesus H 

0.001 

Asibi 

Rhesus I 

0.0001 



0.00001 



0.000001 




May 28, 1929 


Experiment II. June 7, 1929 


Outcome 

Strain 
of virus 

Animal 

inoculated 

ChitcoE 

Killed on 2nd day of 




fever. Lesions in- 
definite 




Fever. Dead on 4th day. 




Typical yellow fever 




Fever. Killed when 

moribund on 4th day. 
Typical yellow fever 
Fever. Killed when 

moribund on 5th day. 

Asibi 

Rhesus P 

Fever for 5 da)- 
covered 

Typical yellow fever 

Asibi 

Asibi 

1 

Rhesus 0 

Rhesus N 

Fever. Died on: 

lypical yello'' 
Fever. 

moribund on ■ 
Typical 

No fever. 
day. Probna 


Asibi 

Rhesus M 




fever 
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nfeciious Blood 


j Expemcenl m. June 11-14, 1929 


Experiment IV. 

June 20-24, 1929 

Stmn 
of virus 

Animal 

inoculated 

Outcome 

Strain 
of vims 

Aiumal inoculated 

Outcome 

S.R. 

Rhesus S 

Fever. Killed vrhen 






moribund on 4th day. 
Typical yellow fever 




S.R. 

Rhesus U 

Fever. Killed when 

SJL 

Rhesus BB 

No fever. No reaction to 



moribund on. 6th day. 
Typical yellow fever 



immunity test 

S.R. 

Rhesus R 

Fever. Killed when 

S.R. 

Rhesus Y 

Killed on 2nd day of fever. 



moribund on 5th day. 
Typical yellow fever 



Typical yellow fever 

S.R. 

Rhesus T 

Fever. Killed when 

S.R. 

Rhesiis X 

Fever. Killed when mori- 



moribund on Sth day. 



bund on 6th day of 



Typical yellow fever 



fever. Tj’pical yellow 
fever 




S.R. 

Rhesus W 

No fever. No reaction to 






immunity test 




S.R. 

Rhesus V 

Fever. Killed when mori- 

4f 

y 

y 

/ 

v-'~" ■■ ' ' 





bimdonlthday. Typi- 
cal yellow fever 
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Many animals that showed no temperature reaction to the original 
injection later proved partly or wholly refractory to test doses of 
virus; the assumption is that some immunity was called forth by the 
dead or attenuated virus present in the cultures. 

RJicsiis B was inoculated with the condensation water from two culture tubes at 
the end of 4 da 3 fs’ incubation, containing in all about 0.25 cc. of infectious blood. 
The fluid from these tubes was replaced with that from uninoculated medium, and 
incubation was continued for 4 daj's more. M. rhesus C was inoculated with the 
fluid from these same tubes at the end of the second 4-day period. Although 
RJiesus B and R/tcsiis C were sacrificed while still in the febrile stage, both had liver 
lesions tjTJical of yellow fever. It was thought at first that there might have been 
reproduction of the virus in the culture medium, but the results of dilution e.vperi- 
ments suggested that probably there was merely a survival from the original 
inoculum. 


Injections of Infectious Blood Highly Diluted 

A summary of the dilution experiments is given in Table II. It will 
be noted that while Experiment III and Experiment IV each represents 
a single series of dilutions, in neither case were all injections made on the 
same day or with blood from the same monkey. Each of these experi- 
ments might be subdivided, making six in all, except that additional 
space would be needed for recording them and the results are 
sufficiently clear in the present scheme. Dilutions of infectious 
blood were made in every case with either citrated or defibrinated 
blood from normal monkeys. Injections were made intraperitoneaUy. 

It is evident that both the Asibi and S.R. strains of 3nrus were fatal 
in quantities of 0.00001 cc. of infectious blood. There is no reasonable 
doubt that the monkey which received 0.000001 cc. of blood contain- 
ing Asibi strain virus also succumbed to yellow fever. The liver 
section showed a considerable number of postmortem changes, but 
there was undoubtedly a severe injury preceding death. Aragao 
f4) records positive results from the injection of a millionth part of an 
infected mosquito. 


DISCUSSION 

It has been shown by Sawyer, Lloyd, and Kitchen (5) that ci- 
trated or clotted blood from animals infected with yellow fever retains 



PAtTL A. LE\\T:S 


119 


a certain amount of virulence after storage for at least 35 days and 
that glycerinated blood is capable of infecting animals after preserva- 
tion for 60 days. Their specimens were kept at refrigerator tempera- 
ture. The dosage which produced yellow fever was 1 cc. 

From the results of the dilution experiments recorded above, it 
would seem certain that the infections obtained from the injection of 
cultures were due to the survival of virus from the original inoculum. 
The only surprising point is that virus survived in infective quantities 
for at least 12 days at a temperature of 35°C., when usually it dies out 
quite rapidly in citrated blood at room temperature. 

It is believed that such of the infections reported by Kuczynski (2) 
as were actually yellow fever, were caused by virus which survived in 
the medium and not by the visible organisms imder cultivation. 
Since extremely minute quantities of virus will produce infection, 
it is easy to account for the virulence of subcultures. This explana- 
tion does not preclude the possibility that the bacteria of Kuczynski, 
although probably not the cause of yellow fever, may have had some 
pathogenic properties of their own. 

SUMMARY AKD COIsCXXJSIONS 

1. The virus of yellow fever has been found to survive in artificial 
culture media for at least 12 days at a temperature of 35°C. No 
visible growth has been present and no reproduction of the virus has 
been demonstrated. 

2. Infections have been obtained in rhesus monkeys with two 
strains of virus in quantities as smaU as 0.00001 cc.of infectious blood, 
and with one strain in an amount probably as minute as 0.000001 cc. 

REFERENCES 

1. McCoy, G. W., and Chapin, C. W., U. S. Treasury Depi., Public Health Bull., 

No. 53, January, 1912; J. Infec. Dis., 1912, 10, 61. 

Francis, Edward, U . S. Treasury Dept., Hygienic Lab. Bull., No. 130, 1922. 

2. Kuczynski, M. H., Klin. Woch., 1929, 8, 9, 58. 

3. Davis, N. C., and Burke, A. W., J. Exper. Med., 1929, 49, 975. 

4. Aragao, Henrique de Beaurepaire, Brasil-med., 1929, 43, 1481. 

5. Sawyer, W. -A.., Lloyd, W. D. il., and Kitchen, S. F., J. E-xpcr. Med., 1929, 

50, 1. 




STUDIES ON BARTONELLA MURIS ANEMIA OF ALBINO 

RATS* 

I. Trypanososia lewisi Ineection m Normal Albino Rats 
Associated -with Bartonella muris Anemia 

n. Latent iNEEcnoN m Adult Normal Rats 

By J. MARMORSTON-GOTTESMAN, M.D., and DAITGD PERLA, M.D. 

{From the Laboratory Division, Montejiore Hospital, New York) 

(Received for publication, April 24, 1930) 

It Las been observed (1,2) that removal of tbe spleen in adult al- 
bino rats is followed by a severe anemia within a few days to 3 weeks. 
This anemia is characterized by a marked drop in the normal red cell 
count from 8 to 10 million cells per cubic millimeter to 1 million or less. 
There is a corresponding drop in the hemoglobin and the appearance in 
the red blood cells of inclusion bodies known as Barionella muris 
bodies. These bodies appear as diplococci and rods on the surface 
of the cell. They occur in very large numbers (20 to 30 per cell) at 
the height of the anemia. Poikiloc 5 d;es, anisocytosis, polychromasia 
and normoblasts are present in the circulating blood. Erythrocytosis 
by large drculating mononuclears is occasionally observed. Nogu- 
chi has succeeded in growing a bacillus for one generation from the 
blood of infected rats on a special Leptospira medium, to which blood 
has been added (3). The failure of other investigators to isolate these 
organisms has cast some doubt on the etiological role played by these 
bodies in the anemia (4). Nevertheless their persistent appearance 
coincidental with the anemia is striking. 

All the rats used in our studies have been raised in our laboratory- from original 
Wistar Institute stock. The anemia develops in the adult rats of this stock follow- 
ing splenectomy in aU instances. About 20 per cent of the rats die within 8 to 10 


* Read before the American Association of Pathologists and Bacteriologists, 
AprU 17, 1930. 
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days from anemia. The anemia begins as early as the 3rd day and as late as the 
16th day. It is accompanied by a severe hematuria. The disease is rapidly pro- 
gressive, reaches its peak about the 8th to the 12 th day and then diminishes. In 
those recovering from the disease it disappears after 3 to 5 weeks, the count 
returning to the normal level. Recurrences occasionall}' occur, but if the rat 
survives the height of the first attack it survives subsequent attacks. At times 
the onset is precipitous, the number of red blood cells per cubic millimeter drop- 
ping to 2 or 3 million within 24 hours after the onset. Males develop the anemia 
more rapidly than females. It has been observed that some strains of rats do not 
develop the anemia (5) . 

Autopsy reveals a profound anemia of the organs and marked icteric tint to the 
subcutaneous fat. There is generally free fluid in the serous cavities, the blood in 
the heart is unclotted and water 3 ^ The liver, kidne 3 ’’S and heart show marked 
fatty changes. The bone marrow is red. Microscopically there are focal areas of 
necrosis in the liver. The Kupfer cells are markedly distended with engulfed 
red blood cells, hemosiderin pigment and Bartonella muris bodies. In general the 
reticulo-endothelial system is severely damaged. The kidne 3 's reveal an e.xtensive 
nephrosis and in some instances embolic hemorrhagic glomerular nephritis. The 
glomeruli may show necrotic changes, the tubules show marked degeneration 
and their lumina are filled with albuminous material and iron containing pigment 
and occasional casts of red blood cells. There may be small areas of infarction 
in the kidne 3 's without any surrounding inflammator 3 ' response. This is most 
striking in young rats with a fatal infection. In very anemx young rats with 
intact spleens, the pulp cells show e.\tensive degenerative changes and there are 
areas of necrosis. 

From the work of Lauda (1) and Mayer (2) the infectious natureof tlie 
anemia had been suspected, but the anemia could not be transmitted 
from the splenectomized rat to any adult normal animal. Ford and 
Eliot (4) were able to transmit this anemia through many passages in 
immature normal rats under 40 gm. in weight and immature normal 
rabbits by direct injection of whole blood of a splenectomized anemic 
rat. This would indicate a difference in the functional activity of the 
spleen in the young and adult animal. It would suggest that the adult 
normal rat is resistant to the anemia due to a permanent immunity 
from an infection with the ‘‘virus” of Bartotiella imiris anemia in early 
life. This immunity is broken down in tlie adult rat by the removal 
of the spleen and a second invasion with the virus occurs. It is pos- 
sible, however, that the virus remains latent in the adult rat following 
an early infection and that the adult normal rat though immune is a 
“carrier.” 
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An effort was made to determine experimentally (a) whether the 
adult normal rat is a “carrier” of the virus of the anemia; (b) whether 
injury to the spleen by a protozoan infection permits the occurrence 
of an anemia and if so, whether such an anemia is identical with the 
Bartonella miiris anemia. 

1. The Transmission of a Strain of the Bartonella murh from Sfle- 
nectomized Adidl Rais to Nortnal Young Rats and Rabbits 

The anemia of splenectomized rats may be transmitted to young 
rats under 40 gm. and to 3 week old rabbits. This observation made 
by Ford and Eliot has been confirmed by us. 

The injection of 0.5 cc. of whole blood from a splenectomized rat intravenously 
into 3 week old rabbits is followed by a profoimd anemia within 10 days which per- 
sists for several days and within 3 weeks the blood count returns to normal. The 
anemia can then be transmitted to baby rats for many transfers. 

Sample Protocol . — ^Rabbit 4 injected intravenously with 0.5 cc. of whole blood 
from a splenectomized rat at height of the anemia. 



Blood couBt : 

Hbs. (Dare) 

Bcri* bodies 

* 1/16 — Before injection 

6,350,000 

105% 


1/20 — ^After injection 

6,600,000 

90% 


1/22 “ “ 

3,900,000 

37% 

Numerous rods and 
diplococci 

1/25 “ “ 

1,800,000 

10% 

te 

1/28 " “ 

1,850,000 

50% 

tc 

1/30 “ “ 

3,500,000 

60% 


2/8 “ “ 

5,310,000 

90% 

Occasional rods 

and diplococci 


* Injected same day with blood of anemic rat. 


The hemoglobin drops more rapidly than the red cell coimt and returns more 
rapidly to normal. 

2. Trypanosoma, leioisi Infection Associated loith Bartonella mttris 
Anemia in Nortnal Albino Rats 

Mayer (7) noted the occasional appearance of Bartonella minis 
rods in the cells of mice and rats infected with trj'panosomes. 

In studies on Trypanosoma lavisi infection in adult albino rats we 
observed a moderate anemia during the first week of infection, with 











124 


BARTONELLA MURIS ANEMIA. I AND IX 


the appearance in small numbers of rods and diplococci of the Bar- 
io7ieUa muris bodies in the red cells. An effort was made to determine 
whether this anemia found in tr 3 T)anosome infected rats is identical 
with the Bariojiella muris anemia of splenectomized rats. 

0.5 cc. of blood of an albino rat infected with Trypanosoma Iciuisi was injected 
into 3 week old rabbits. The trj'panosomes died in the rabbit but a moderate 
anemia occurred within 10 da 5 'S with the appearance of rods in the red cells. A 
small quantity of the blood of the anemic rabbit was injected into 30 gm. rats and 
an anemia developed in these rats with the appearance of the rods and cocci in 
the red cells. The virus of the anemia was thus transmitted through 30 gm. rats 
for several transfers. In this manner a strain of the virus of Bartonella muris 
anemia w'as isolated from adult nonsplenectomized albino rats infected with 
Trypajtosoma Icwm. 

Trypanosoma lewisi infection in adult albino rats causes a profound 
disturbance in the function of the spleen and lowers the resistance of 
the rat to the virus of the Bartonella mnris anemia. The deaths, some- 
times observed in young rats from Trypanosoma lewisi are due to the 
concomitant Bartonella muris anemia which in young rats is so often 
fatal. Trypanosoma lewisi infection causes a marked increase in the 
size of the spleen. The pulp cells become engorged with engulfed 
red blood cells and a marked disturbance in the function of these cellu- 
lar elements is present. The effect is similar to that of splenectomy 
in the adult rat. 

Latent Bartonella muris Anetnia in the Adult Albino Rat 

It has been observed that the Bartonella muris anemia cannot be 
transmitted to adult animals with intact spleens by direct injection of 
blood from an infected animal. This infection can be transmitted, 
however, to normal young rats with intact spleens. This would indi- 
cate the probability of an infection early in life which results in a per- 
manent immunity to the infection in the rat. This immunity is 
broken down with removal of the spleen and permits a second invasion 
with the virus. The rat often recovers, but repeated attacks may be 
produced either by the injection of whole blood from other anemic 
splenectomized rats or may occur spontaneously. It is possible how- 
ever that the virus of anemia is present in the system from an infection 
in early life, and remains latent in the adult albino rat. An effort was 



The Isolation of Bartonella muris Virus from Trypanosome Infected Unoperated Adult Rats 
and from Normal Unoperated Adult Rats (Sample Protocols') 

The letter “T” is used in place of the last three zeros in the red cell count. The hemoglobin is expressed in percentages 
as calculated from Dare hcmoglobinometcr readings. _ 

Adult rats S>n- 
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made to determine whether or not a latent infection with the Bar- 
tonella mnris virus is present in the normal adult unoperated rat. 

Repeated examination of smears of the blood of normal rats failed to reveal the 
presence of the Bartonella inuris bodies in the red cells. It was found that intra- 
venous injection of 0.5 cc. of the blood of a normal adult rat into jmung rabbits 
produced anemia with the appearance of the Bartonella mnris bodies in the red 
cells. The transfer of 0.5 cc. of the blood of anemic young rabbits intraperitoneally 
into young rats is followed by a severe anemia in these rats with the appearance of 
Bartonella bodies in the red cells. The anemia can be passed through successive 
transfers in young rats. The blood of a normal rabbit produces no effect when 
injected into young rats. The blood either of young or of mature normal rats 
produces no effect when injected into other young rats. 

By the passage of whole blood of normal adult rats through young 
immature rabbits the virulence of the \nrus of the latent infection with 
the BarloJiella anemia is sufficiently enhanced to produce the infectious 
anemia in young rats. It may be that the virus increases in quantity 
in the rabbit sufficiently to produ'ce an anemia when the blood is 
subsequently injected into the rat. 

The Effect oj Splenectomy in Young Rats 

The adult normal rat is a carrier of the Bartonella viuris. Further 
efforts were made to determine at what time in the life cycle of the 
rat it becomes a carrier of the virus of the Bartonella mnris anemia. 

Six 3 week old suckling rats were splenectomized. These young 
rats were placed in sterilized cages, completely isolated from the stock 
rats. None of these rats developed Bartonella mnris anemia. It is 
evident then that during the first weeks of life the rat does not harbor 
the virus of Bartonella mnris anemia, and therefore removal of its 
spleen is not followed b)'" the infectious anemia. Since this period 
corresponds to the only period of life during which the Bartonella mnris 
anemia may be transmitted in normal young rats by the injection of 
blood from an anemic splenectomized adult rat, it is not probable that 
the failure of splenectomized young rats to develop spontaneously the 
Bartonella mnris anemia is due to a temporary protective immunit)'' 
conferred from the mother. It would further suggest that the trans- 
mission of the virus from rat to rat is not necessarily through an insect 
host. 
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These experiments indicate that the Bartonella miiris infection is 
latent in the adult nonnal rat. These rats are carriers of the virus and 
from their blood the virus can be isolated by passage through young 
rabbits. The invasion of the rat with this virus must occur after 
the suckling period, since suckling rats do not harbor the virus. The 
experiments further suggest a difference in the function of the spleen 
in young and adult rats. 


DISCUSSION 

From the data presented it can be concluded that the adult rat is a 
carrier of the virus of Bartonella inuris anemia. The failure to pro- 
duce the picture of Bartonella inuris anemia in other adult animals by 
removal of the spleen may be due to the fact that these animals are 
not carriers of the virus. The normal adult rat cannot be given the 
anemia by direct injection of blood from an anemic splenectomized 
rat, since the adult rat possesses a high degree of resistance, presumably 
from a transient infection in early life. During the suckling period the 
young rat does not harbor the virus of the anemia. Therefore removal 
of the spleen in these rats is not followed by Bartonella inuris infection. 

The spleen is physiologically and anatomically injured in many 
protozoan infections as in trypanosomiasis, leishmaniasis, spirocheto- 
sis and piroplasmic diseases and malaria. The spleen plays an impor- 
tant role in resistance of the organism to Bartonella infections. Se- 
vere mjury to the spleen may bring about the same condition as 
splenectomj'. In many mammals Bartonella and Grahamdla infec- 
tions accompany protozoan infections. It has been suggested by 
Bayon (8) that the GraJiamella is capable of invading the organism 
as a result of injury to the spleen by a hematozoic infection. Graha- 
mella infections are not observed in rodents imder other conditions. 
From our work on Bartonella inuris infection in rats, however, it is 
evident that the Bartonella anemia in the adult rat occurs only after 
an immunity to this infection acquired in early life is broken down by 
injury to or removal of the spleen. The spleen is the important fac- 
tor in the maintenance of the resistance. No doubt Grahamella in- 
fections occur under similar circumstances. 

Bartonella hacillifortnis infection in man is a disease resembling the Bartonella 
and Grahamella infections of rodents. Oroya fever is a systemic infection charac- 
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terized by profound anemia and the occurrence of Bartonella bodies in the red 
cells. Verruga peruana is a skin infection without anemia and in this no Bartonella 
bodies occur in the red cells but they arc found in the endothelial cells in the skin 
lesion. Noguchi (9) and Mayer and Kikuth (10) have demonstrated the common 
etiological factor in these two human diseases. It is of importance to determine 
what factors in the individual are responsible for the occurrence of one type or the 
other. From the observations in the literature in analogous infections and from 
our own work with Bartonella inuris, an explanation presents itself. Verruga 
peruana may be a first infection in an individual with a normal spleen. Oroya 
fever may be a recurrence of an early infection or a flaring up of a latent infection 
in an individual with an injured spleen. Chronic malaria is a very common con- 
comitant infection in individuals with Oroya fever. Such a chronic protozoan 
infection causes profoimd physiological injury to the spleen and may thus be 
responsible for the breaking down of the resistance of the individual to the Bar- 
tonella infection. Noguchi (11) made an effort to demonstrate the effect, if any, 
of malaria and of splenectom}' on the coxurse of infection with Bartonella bacilli- 
forniis in monkeys. From several observations he concluded that both malaria 
and Bartonella bacillifornm may coe.xist without unfavorable effect of one disease 
upon the course of the other, that splenectomy led to no appreciable aggravation 
of the Bartonella infection and that both malaria and splenectomy in the same 
animal had no appreciable effect on e-xperimental verruga infection. The e.xperi- 
ments, however, were not comprehensive enough to establish the relationship of 
chronic malarial infection to Oroya fever, nor do they disprove the conception 
that the spleen plays an important r61e in the latter disease. 

Suggestive is the single observation made by Noguchi on a chimpanzee infected 
with Bartonella bacillifonnis. A severe anemia developed in this animal only 
after an accidental infection with Rocky Mountain fever by the bite of the Derma- 
centa andersonii and disappeared onl}”^ when the blood became negative on culture. 

Kikuth (12) reports an increase in the number of “takes” of verruga peruana 
from 50 to 100 per cent following splenectomy in monkeys inoculated with material 
from human verruga papulae. In one instance typical Oro 3 "a fever with severe 
anemia developed in one of the monkeys that previous^ had been injected with 
verruga material but that had failed to develop lesions and subsequently was 
reinjected with such material. 

These observations and our own in Bartonella infections in rats 
offer a possible explanation of the modus operandi of Bartonella in- 
fections in human beings. A first infection with Bartonella bacilli- 
formis may result in verruga peruana or may have no clinical mani- 
festations. Subsequent injury to the spleen by a chronic protozoan 
infection breaks down the protective mechanism of immunity to this 
organism with the occurrence of a systemic infection with the Bar- 
tonella bacilliformis in Oroya fever. 
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STOTMARY 

1. The virus of Barionclla miiris anemia of splenectomized rats may 
be transmitted to normal young unoperated rats and rabbits. This 
confirms the observations of Ford and Eliot. 

2. Trypanosoma leioisi infections in normal adult rats are accom- 
panied by an anemia most marked at the height of the infection and 
the appearance of Bartonella muris bodies in the red blood cells. 

3. In young rats Trypanosoma leransi may produce death from the 
severity of the anemia, complicating the disease. The anemic virus 
may be separated from the Trypanosoma leivisi infected blood by pas- 
sage through young rabbits with subsequent maintenance of the strain 
in immature rats. 

4. A strain of the virus of Bartonella muris anemia capable of pro- 
ducing an anemia in young rabbits and young rats for successive trans- 
fers has been isolated from the blood of normal adult imoperated rats 
by passage through young rabbits. 

5. The adult normal rat is a carrier of the Bartonella muris virus. 

6. Splenectomy in young suckling rats separated from the mother 
is not followed by a Bartonella muris anemia. The young suckling 
rat is not a carrier of the infection. 
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Removal of the spleen in the adult albino rat is followed within 6 to 10 days by a 
severe progressive anemia which is fatal in 20 to 25 per cent of rats (1, 2, 3). In 
our laboratory approximately 100 per cent of splenectomized rats develop this 
anemia. Unsuccessful attempts have been made by investigators to protect 
rats from the anemia following splenectomy by feeding or injecting splenic tissue 
(Ford (4)) and by feeding large amoimts of liver tissue (5) . Vedder (5) attempted 
to transplant portions of spleen into the tunica vaginalis of the testes but was 
unsuccessful. 

The first successful autotransplantation of splenic tissue in animals was made 
by Marine and Manley (6). They foimd that subcutaneous or intramuscular 
autoplastic spleen transplants in the rabbit are successful in almost 100 per cent 
of instances. Age is an important factor in the growth of the transplant. The 
younger the rabbit, the more rapid the growth of the transplant. Removal of the 
spleen is a powerful stimulus to the growth of the transplants. In mature rabbits 
the transplants took but usually did not grow and were often slowly resorbed. 
From their observations they concluded that in the rabbit the spleen is most 
important in early life. After sexual maturity it is either unimportant or its 
function may readily be assumed by other tissues (hematopoietic). 

They have demonstrated that whereas anatomically the spleen is a highly 
complex structure, biologically, all the major dements of the spleen are simple as 
indicated by the uniform and marked regenerative capadty of their transplants. 

The experiments reported in this communication were undertaken 
to determine: (a) Whether autoplastic transplants of splenic tissue 

• Read before the American Assodation of Pathologists and Bacteriologists, 
April 17, 1930. 
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to transplant portions of spleen into the tunica va^alis of the testes but was 
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of instances. Age is an important factor in the growth of the transplant. The 
yotmger the rabbit, the more rapid the growth of the transplant. Removal of the 
spleen is a powerful stimulus to the growth of the transplants. In mature rabbits 
the transplants took but usually did not grow and were often slowly resorbed. 
From their observations they concluded that in the rabbit the spleen is most 
important in early life. After sexual maturity it is either unimportant or its 
function may readily be assmned by other tissues (hematopoietic). 

They have demonstrated that whereas anatomically the spleen is a highly 
complex structure, biologically, all the major elements of the spleen are simple as 
indicated fay the uniform and marked regenerative capacity of their transplants. 

The experiments reported in this communication were undertaken 
to deterrmne: (a) Whether autoplastic transplants of splenic tissue 
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April 17, 1930. 


131 



132 


BARTONELLA MURIS ANEMIA. Ill 


in the adult rat regenerate, (b) what protective effect such autoplastic 
transplants of splenic tissue would have against the Bartonella nwris 
anemia, and (c) the minimum amount of spleen left m situ that 
would protect the rats against this anemia. 

The experiments were divided into three groups. In the first group 
autoplastic transplants of small pieces of splenic tissue were made in 
the abdominal wall of eight rats and 4 weeks later the spleen was 
removed. Three splenectomized rats in which no transplants had 
been made were used as controls. 

Methods 

In this work mature albino rats about 3 months of age were used. These rats 
were raised in our laboratory from Wistar Institute stock. They were appro.xi- 
mately uniform in weight. The methods for preparation of the animals for 
transplantation have been described in a previous communication (7). 

The spleen was exposed through a small incision in the abdominal wall and one 
pole was gently pulled up into the opening. A piece was cut off for transplanta- 
tion. Pieces of spleen about 6 mm. in diameter were immediately placed in small 
prepared pockets in the abdominal wall. Great care was exercised to avoid 
hemorrhage into these pockets and if hemorrhage occured, a new pocket was 
made. The sites of the transplants were indicated by the closing of the mouth 
of the pocket with a black silk suture. Four transplants were usually inserted into 
each animal. 4 weeks later the abdominal cavity was again opened, the mesentery 
of the spleen ligated and the spleen removed. The peritoneum and skin were 
closed. Red blood cell counts and hemoglobin determinations were made at 
frequent intervals. 

The results of this experiment (tabulated in Table I) indicate that 
transplants made 4 weeks before splenectomy afford no protection 
against Bartonella muris anemia. Histological examination of the 
transplants of Rat 1082 which died at the height of the anemia revealed 
replacement of the plant by reticular cells that formed large sinusoid 
spaces filled with red cells. Degenerative changes of the reticular 
elements and areas of necrosis were present. The splenic tissue, both 
pulp and follicles, had not regenerated at this time. The reticulum 
present, however, showed those same changes of degeneration and 
focal necrosis found in the spleen of young rats with Bartonella muris 
anemia. It is of interest that the transplant though not regenerated, 
reacted to the infection in the same way as the intact spleen. Marine 
and Manley (7) observed that in rabbits dying of pneumonia the 
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spleen transplants on section were soft, engorged with blood and 
microscopically showed an increase in pulp cells. These changes are 
the same as those found in the intact spleen in the presence of infec- 
tion. Five rats were not killed until 3 months after the transplants 
had been made. Upon examination the transplants were very large in 
size. It is evident that complete regeneration of both the pulp cells 
and Malpighian corpuscles of the transplants had occurred within 3 
months. In the absence of the spleen there was a marked hyper- 
trophy of the regenerated transplants. These transplants were really 
small spleens. They were not regenerated, however, at the time the 
spleen was removed and did not prevent the development of Bartonella 
muris anemia (Table I). 

In the second group of experiments nine adult albino rats were 
used. In seven of these, autoplastic splenic transplants were made 7 
weeks prior to splenectomy. In three rats the spleen alone was 
removed. 

The method of transplantation has been described above. In 
these rats two transplants were inserted on either side of the midline 
in the sheath of the rectus muscle. Seven weeks later the spleen was 
removed. 

In this group four of the seven rats with transplants did not develop 
an anemia and failed to show Bartonella muris bodies in the red cells. 
More than half the rats were protected by autoplastic spleen trans- 
plants. Three weeks after the splenectomy or 10 weeks after the 
transplantation the rats were killed with ether and the transplants 
carefully removed and sectioned (see Table 11). 

Comparative histological studies of the transplants in the protected 
and unprotected rats reveal a striking contrast. In those rats that 
were unprotected the Malpighian corpuscles of the transplants are 
completely regenerated, but the entire pulp is filled with red blood cells. 
The corpuscles stand out strikingly against the surrounding intense 
congestion (Fig. 2). Large sumsoids are present but are distended 
with blood and the endothelium flattened. In those rats that were 
protected the transplants are smaller, but both the pulp cells and the 
Malpighian corpuscles are completely regenerated and have the 
appearance of adult splenic tissue (Fig. 3). In the transplants that 
protected, large amounts of hemosiderin pigment were present in the 
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Effect of Spleen Auloiramplants Made 4 
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28% 
1,450 T 

34% 
3,900 T 
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diys 

1/23/30 

16 

20 

24 

27 
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55 

Histolosr of trac3p!ants 
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Fully regenerated 
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prominent follicles 
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tissue. Pigment in 
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congested pulp. 
Erythrophagocy- 
tosis pulp cells pres- 
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fiUed with red blood 
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cells of capsule. 
Transplant replac- 
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swelling and necro- 
sis of cells with 
occasional cell con- 
taining pigment 
Small foci of ne- 
crosis are present 
as are seen in spleen 
of young anemia 
rats 


ssed in percentages as calculated by the Dare hemoglobinometer. 
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rl control 
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8,450 T 

95% 
9,600 T 

100% 
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85% 
7,000 T 
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reticular cells of the pulp. In those that did not protect, though 
there was so striking a quantity of blood present and though the rats 
had had severe anemia, no hemosiderin pigment was deposited in the 
few cells of the pulp. The reticular cells of the splenic pulp had 
undergone an exhaustion destruction that exceeded the rate of 
regeneration. 
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Histology of transplants 
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6,0001 

1 80% 

1 6,1001 
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75% 

6,6001 

Malpighian corpus- 
cles prominent, 

stand out against 
intense congestion 
about them in pulp. 
Endothelial and re- 
ticular elements, as 
found in normal 
spleen are seen 

80% 
6,300 T 

85% 

6,5001 

6,6001 
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6,250 T 

j 

1 

6,1501 

6,2001 

Malpighian corpus- 
cles prominent 

Pulp intensely con- 
gested. Etythro- 
phag prominent. 
Pigment present 

70% 
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5,1001 

■ 8,6001 

75% 
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r 8,6001 
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■ 7,2001 
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In the third group, an effort 'was made to determine the minimum 
amount of spleen left in situ, that would prevent the development of 
the anemia. Eight adult rats were used. In two rats one-quarter 
of the spleen was removed, in two one-half of the spleen was removed, 
in two three-quarters of the spleen was removed and in two the 
entire spleen was removed. 
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Autopsy findingst 

Histology of the transplants 
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20 

25 

100% 
8,200 T 

110% 

8,«X)T 

95% 

8,600T 

No evidence of ane- 
mia 

Small transplants 

* Splenic elements are all present. Follicles 
are distinct Pulp cells are regenerated and 
have large amounts of hemosiderin pigment 
in their protoplasm. Sinuses contain blood 
elements. The usual giant cells are present 

92% 
8,900 T 

95% 
8,800 T 

110% 
8,400 T 

Two transplants, 
very large, two 
resorbed 

All elements regenerated and hypertrophied. 
Follicles are prominent Pulp cells show 
hemosiderin pigment Both endothelial 
and reticular elements are prominent 

100% 
9,100 T 

90% 
8,500 T 

110% 
8,200 T 

Two transplants 

found, 3 to 4 mm. 
each 

Small transplants. Connecting tissue septum 
filled with hemosiderin pigment Follicles 
small. Pulp cells regenerated and filled 
with pigment Central arteries are small 

90% 
9,350 T 

110% 
9,100 T 

90% 
9,200 T 

Two transplants, 3 
to 4 mm. 

Two large trans- 
plants, 1 cm. in 
diameter 

Small transplants but aU elements regenerated. 
Hemosiderin pigment in the pulp cells. 
Giant cell occasionally seen as in adult rat 
spleen. Arterioles small. Reticular and 
endothelial cells large and prominent 

80% 
5,200 T 

85% 
5,250 T 

80% 
6,200 T 

Two transplants, 
large, 1 cm. and 
1.5 cm. 

Two absorbed 

Malpighian corpuscles stand out prominently. 
Vessels small. Pulp consists of large 
masses of blood, filling irregular sinuses 
lined with flat endothelium. There are 
only scattered reticular and endothelial 
elements resembling normal spleen. The 
pulp cells are strikingly absent 

80% 

5,8501 

85% 

6,3001 

100% 

7,5001 

Three large trans- 
plants, 1.5 cm. in 
diameter 

Transplant similar to 1208. Malpighian cor- 
puscles are prominent. Pulp tissue re- 
placed by red blood cells. Endothelial 
dements are few and show no pigment 

90% 
’ 4,2001 

100% 

3,7501 

80% 

5,1001 

Four large trans- 
plants, 1.5, 1.4, 0.8 
and 0.8 cm. in 
diameter 

Large transplants. Strikmg contrast between 
regenerated foUides and the blood pulp 
tissue. The sinuses are distended with 
blood. Endothelium is thin. Reticular 
cells very sparse 

98% 
r 9,400' 

100% 
r 8,600' 

95% 
r 9,100 : 


Control norma! 


Ksed in percentages as calculated by the Dare hemoglobinometer. 
scle. All rats killed 74 days after transplantation. 
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The peritoneal cavity was exposed by an incision in the upper leit quadrant of 
the ahdonunal wall, the spleen was gently drawn out of the cavity, a ligature 
inserted throng the mesentery and tied about that portion of the mesentery 
corresponding to the part of the spleen that was removed. Where the entire 
spleen was removed a single ligature was tied close to the h i lu m about the mesen- 
teij’. The bleeding was slight. The splenic stump was gently replaced in the 
cavity, care being taken not to tug on the mesenter}', the peritoneum and the 
abdominal wall sutured by continuous sutures. Red blood cell counts before the 
operation and at frequent intervals after the operation were made. 

From Table III it is evident that a small amount of splenic tissue 
left in situ is sufficient to protect the rat against the Bartonella muris 
anemia. This finding is in agreement with Vedder who observed that 
less than half the spleen will protect against the anemia. 

DISCUSSION 

A comparative study of the splenic transplants in rats and rabbits 
indicates a striking difference in the regenerative capacity of the 
transplants. In the rabbit, Marine and Manley (6) showed that 
though splenic autotransplants will grow in the adult rabbit in the 
absence of the spleen in many instances, these transplants are often 
resorbed or remain small and do not undergo hypertrophy. In the 
rat, however, we found that splenic autotransplants will grow even 
in the presence of the spleen and in its absence will undergo marked 
hypertrophy, growing to the size of accessory spleens or larger. This 
indicates a difference in the function of the adult spleen of the rat and 
rabbit. 

The observations reported in this paper tend to indicate that the 
pulp cells are the responsible factor for the specific protective mech- 
anism of the spleen in the rat against the Bartonella muris anemia. 
We have an accurate gauge of physiological activity of the pulp cells 
of the spleen. 

It has been shown in a previous communication (7) that Trypano- 
soma Icwisi infection in the adult normal albino rat is accompanied 
at the height of the infection by a moderate anemia and the appearance 
in the red blood cells of Bartonella muris bodies. Studies on the 
pathology of this infection indicate that the most significant changes 
occur in the spleen. At the height of the infection the spleen may 
enlarge six to ten times. The follicles increase in size and the pulp 
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cells become engorged with engulfed red blood corpuscles. It is 
probable that this process of phagocytosis impairs or destroys the 
normal physiological activity of this group of cells and produces the 
same effect on the resistance of the organism to the Bartonella imiris 
anemia as splenectomy. These observations indicate a specific func- 
tion of the reticular cells of the spleen. 

SUMMARY 

Autoplastic splenic transplants were made in adult albino rats 4 
weeks and 7 weeks prior to splenectomy and the protective effects 
against infection with the Bartonella mwis anemia observed. 

1. One-fourth of the spleen left in situ will protect adult albino 
rats against the Bartonella muris anemia. 

2. Autotransplantation of splenic tissue in adult rats is successful 
in over 90 per cent of instances. 

3. Autoplastic splenic transplants performed 7 weeks prior to 
splenectomy afford protection against Bartonella muris anemia in 
more than 50 per cent of instances, whereas 4 week old transplants 
do not protect. 

4. A comparative histological study of the transplants of protected 
and unprotected rats reveals a regeneration of the pulp cells in the 
protected rats and an exhaustion destruction of the pulp in the un- 
protected rats. 

5. The reticular cells play a specific role in protecting the adult 
albino rat against Bartonella muris anemia. 

We wish to thank Dr. David Marine for his helpful advice 
throughout the course of this work. 
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EXPLANATION OF PLATE 6 

Fig. 1. Rat 1208. Autoplastic splenic transplant performed 7 creeks prior to 
splenectomy. M X 30. This transplant did not afford protection against 
Bartonella anemia following removal of the spleen. The follicles stand out 
prominently against the blood filled pulp tissue. 

Fig. 2. Rat 1205. Autoplastic splenic transplant performed 7 weeks prior to 
splenectomy. M X 30. This transplant protected the rat against the Bartonella 
tnuris anemia following the removal of the spleen. Note the cellular appearance 
of the pulp. 

Fig. 3. Rat 1208. Autoplastic splenic transplant. M X 240 (higher magnifi- 
cation of Fig. 1). Shows exhaustion degeneration of the pulp cells and complete 
regeneration of follicle. 

Fig. 4. Rat 1205. Autoplastic splenic transplant. M X 240 (higher magnifi- 
cation of Fig. 2) . Complete regeneration of pulp tissue. 




















STUDIES m THE BLOOD CYTOLOGY OF THE RABBIT 

rv. Consecutive Neutrophue, Basophile, and Eosinophile 
Observations on Groups of Norhal Rabbits 
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CORRECTION 

On page 6, Vol. 52, No. 1, July 1, 1930, in the second explanator>' note 
at the foot of Table I, the plus sign should be a minus sign; i.c., for + = 
reaction read — = negative reaction. 


the individual animal standpoint and the findings have been analyzed 
upon the basis of consecutive mean values obtained at weekly intervals. 

Materials and Methods 

These subjects have been fully discussed in connection with the erj'throcj-te 
and hemoglobin results (1) and need only be referred to here. The first four 
groups of rabbits comprised 10 animals each and the fifth group, 5 animals. The 
period of observation extended from October, 1927 to July, 1929 and the following 
numbers of weekly examinations were made: Group I, 35; Group II, 13; Group 
III, 8; Group IV, 29; Group V, 26. For the differential white cell counts, the 
supravital neutral red technic was used and 100 cells were counted in each 
specimen. 

RESULTS 

The results of these experiments dealing •with the neutrophile, 
basophile, and eosinophile cell content of the peripheral blood of normal 
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TABLE I 

Group I— 10 Rabbits. Consecutive Values for Neulrophiles, Basophiles, and Eosinophiles 
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BLOOD CYTOLOGY OF THE RABBIT, IV 
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BLOOD CYTOLOGY OF THE RABBIT 
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BLOOD CYTOLOGY OF THE RABBIT. IV 


a • 

*o‘C d 


^ C'JOxVOVOOvOfOCS 

S vocoomooc^t^cM 




VO CO O Ov 
O 00 CO O C^l 


OvC'^OvOfOiOOOCOOOO 

rH\OlOTt< 0 ^fOO\'OOrr^CN 

CO* 


OOfOOV^CSOt^l^Ot^OsiOCvPOt^O-- 
VOOOC\Ot^CSO\OvOOOOOrO-^CN 


u> O 

^.g 

wo 


S CO VO VO 
s ^ VO 0\ VO 00 


fOOOOOvOOrOCOOl^ 
^-1 tH CN »H 


0\ 

ro 


lO VO IT) o 
•-H CM CO jc^ 


w 


o 00 lo 00 

CM ^ CM ^ CM 


•“^OOOOv^CMvOOO 
CMCM»-^CM'OcM*-«fO 


VO VO VO lO 
CM CM ^ ro ^ 


-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H-H 


fOO’^CMtOt^t^COfOfOt^r}<CMCM 
<*« ^t^CMVOOOVO^^CMOCO^-«■CM^t^O 
rH ^ ^CM»-< CM 


lO Ov lO CM 
O lO ro lO 


u «! 

*^'S s 

U3 O 
vd >•« 

6° 


•j; O 0\ lO Ov 

C \0 VO lO 03 


fc, 'OO'*Hf 0 CMQ 00 CMt^O 
^ VOVOCOVOVO^^VO^^ 


- ^Tl^OrOfMl^POCMO 

eOVOfOCO»-<»-«OOOOiOlOO 

O CO lO Cv O 
CO VO VO VO CM lO 


rO oO vO O 
lO O CO cv VO 


Ov O CM VO 
CO VO VO O 




■S-g 
3 S 

CO'O 


O’t^ OOvt^voocMl^l^t^Tfrft^CMr^cOr^CMt^^ 
OiOVOVOT}<0\OvOVOCOvOvOfOOvri<'d«Ot~*'^vOvO^ 
^Tj<CMCOCOCMCMCOrOCO^COfOVOCM^CMCM»-<CMCMCO 


vOvOiOt»«.Tf<cocOTttt'«.roOCO»^t^CO 


ooo\iot^t^vovovot>«oocot^t^cM»oco'!r 


. VO vO 

lO CO VO VO VO 




CM 


5 £:JC^CM 00 o»O 00 c 0 C 01 OCMCM--«O 00 . o 

^ 0 ^^vOr>>coOt^voOLr>m’»:f<ioQ^OT-i ^ ^ w * t: 

vOt^OOvOvOt^vovot^C^^vovoSoO^vo^OCOTj^VO^ 


^ vn ^ 

CO O 


> 

d 

d 


® J. 

4) d _ 

■s I£? 

00 

•r~< 

CO 

CM 

CM 


CO 


x^ 

VO 

x». 

Tj< 


VO 

o 

X^ 

X^ 

«-4 


CO 

*y*C“ S 

1 s 

CO 


CM 

y~4 


X^ 


00 

VO 

CM 

CM 

CM 

X^ 

o 

Cv 

vO 

«F-t 

CM 

CM 


w Ov 

VO 


VO 

VO* 

CO* 

VO* 

CO 

x^* 

o 



VO 

i-H 

CO 

VO 

Ov* 

CO 

CM 

X^ 

CO* 

o'S 


fO 

CO 

CM 

CO 

CM 


CM 

CO 

CO 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

r— < 

CM 

t>H 

•2 1 
rt *0 1 

I ^ 

CM 

CM 

CM 

00 

VO 

o 

oo 

VO 

y^ 



VO 

X^ 

o 

VO 


Ov 

VO 

O 

CO 

^ ^ 1 




o 

^-H 


o 

0\ 

X^ 

VO 

X^ 

CO 

00 


0\ 

Ov 

CM 

X^ 

CM 

S > 1 

n 

CO 

CO 


CM 

00 

CO 

CO 


CO 

VO 

X^ 

VO 

VO 

o 

Ov 

VO 

X^ 

VO 


O 

s s 


T-( 



T-4 


y-H 



y-H 





T— < 



tH 




co'd i 























O^OOOCOTt<OvCMVOCM’^OOCOOVovO^’^co^COO 
^ '^OOOOVO»Ot^t^t^lOONCOt^CMVOT-»CMVOOOCO'»-^^^ 

g CMCMCMr-<CM'»-iCM»-iCMCMCOCOCO«OCM'^COCO'-‘COCMCM 

tj OOvlOOOOOOvO^CM^OVOfO 

<v,ogcocorO'^rox^OvCMTfOOt^COOVO _ 

COVOtOOv'^vocOroCM'^'^^O^CMVOTt^cO'^cO'OCO 

cOrocoCMCOroCMrocO'^cOVOVovoTj<iOlOVOVO*OVOV/> 


ri< CO CM O VO ^ ^ 
00 VO ON Q CO 




7 ; 

Oo 







•t-<o6o '. ^vocviov '• •Or'JO 

ICMCSIOO.— 

> cj o u d e e e e r<’ ^ -D if ij ij 

g U g g 

J25 H O M W »— > t— » f-o »— j 












LOUISE PEAECE AND ALBERT E. CASEY 


151 


o tn Ov O 

sa vo o 'O cs m o 

-s< r-^ O CN lo 

00 ^ PO to ^ C\ 

— < CS 

0 

CO 

O to »0 r4 'O •-< 

<0 to to CA to 

♦-I ^ 

48 

CO CO CS to CN 

CS •*■« w ^ 

■« -H -H -H -H -H -H 

to 0 'O VO VO 

to 0 CO to to 

VO 

-H 

0 VO 

0 CM CM 
^ CM 

>- Cs CO to r-» 

■0* 10 •i' to 00 0 to 

00 to CO Cv 0 — < 

to CO to VO VC 

27.20 

0 *1* C-t to •H 

CO 0 to 0 * to 0 —• 

CM to o< cs to cs 

I>* 

to 

0 -i* to 0 CM CO 0 

MS 0 0 to 0 to 

4] 41 41 -H -H -H -H 

c\ 0 00 -i; VO to to 

C\ CO >0 CO to 0* 

'«-* •rj' PO to to -t* to 

s 

-H 

to to 

*>■ rj* vO 

to to cv 

>0 to 0 — ' r- 0 

VO -H CO to to CO 

CO 0 CM — CO CM Ci 

CM CM CM CM CM CM ^ 

21.09 

ro •-« VO 0 C CO 
to CO 0 CM to 00 

to 00 0 ^ Cv 0 

«»w •-( 

933 

CM C^ CO *-< to Cv ^ 

to Cv ri< to VO 0 VO 

to •-< CM CM CM CM 

-H -H -« -H -H -H -« 

-J* 0 v£> Cv <0 to 

to CO CM 0 CM CO VO 

-f* rO 00 C« — * 0 •=< 

to O’ -i* to 

-H 

to 0 to 

CM 00 

-i* 00 0 

CM 0 

. CO • CO 

r-* «-i CM CM rf" *“• — 1 

5s >i >» >» 0 H 2 

rt rt rt rt c c c 

ie^ f£t ^ f£^ 

Mean 

Minimum 

Maximum 



Group V — 5 Rabbits. Consecutive Values for Neutropliiles, Basophiles, and Eosinophiles 


152 


BLOOD CYTOLOGY OF THE RABBIT. IV 
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. Mean values for consecutive neutrophile and basophilc determinations as percentage deviations from 
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Text-Fig. 3. Mean values for consecutive neutrophile and basophile determinations as percentage deviations from standard 
values. 1928-29. 
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rabbits examined over long periods of time are presented in the form 
of consecutive weekly mean values for each group of animals (Tables 
I to V). In addition, the probable errors of tlie means, the standard 
deviations, and the coefficients of variation are given. The series of 
curves in Text-figs. 1 to 4 representing the mean values, are drawn 
from the percentage deviations of the smoothed means from the 
following standard values (1, 4): neutrophiles, 4340 cells per cubic 
millimeter; basophiles, 950 cells per cubic millimeter; eosinophiles, 
215 cells per cubic millimeter. The curves of the smoothed coefficients 
of variation of the means are also given in Text-figs. 1 to 4. These 
charts also include curves wliich represent the total white cell means in 
terms of the percentage deviations of tlie smoothed means from a 
standard value of 9560 cells per cubic millimeter, in order that compari- 
sons may readity be made between the results on the various granular 
leucocytes and those on tlie total white count without referring to the 
preceding paper (2) in which tlie latter observations are discussed. 

DISCUSSION AND SUMMARY 

For convenience of discussion, the results of these experiments 
dealing with consecutive neutrophile, basophile, and eosinopliile 
counts will be considered in the chronological order of tlie five groups 
of rabbits studied. 

Group I was examined from October 24, 1927 to June 21, 1928 (Ta- 
ble I) . It will be seen by referring to Text-fig. 1 , that tlie mean numbers 
of neutrophiles had increased approximately 30 per cent by tlie second 
half of the experiment and that thereafter, this higher level was 
generally maintained. In October, November, and December, the 
general level of the curve fluctuates slightly below and above the 
standard value of 4340 cells per cubic millimeter represented by the 
base line. During January, February, and March, a decided upward 
trend is noted and thereafter to the last of June, a slightly lower level 
is observed. 

The mean numbers of basophiles in Group I (Table I) were also 
increased during the experiment, but as will be seen from tlie curve in 
Text-fig. 1, the change was accomplished in a mucli more irregular 
fashion than in the case of the neutrophiles. During October and 
November, the general trend of the curve is downward from an 
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initial level above the base line (950 cells per cubic millimeter); in 
December, January, and February, the cun’^e describes an irregular 
but marked rise which is followed by an abrupt fall to the November 
level; at the end of March and continuing through April, Ma3% and 
Jime, there is a second rise which carries the curve to the highest 
level observed (55 per cent above the base line) . During these periods 
of increasing value, there were two interruptions, the first occurring 
the end of January and the second in May. 

In the case of the eosinophiles of Group I (Table I) pronounced 
variations in mean numbers were observed, as is shown by the curve 
in Text-fig. 2. Throughout November and again in April and Maj'-, 
large numbers of these cells were observed which account for the three 
prominent and abrupt peaks of the curve. Following each marked 
mcrease, the mean values sank to a comparatively low level, but on 
the whole, the means throughout the experiment were higher than the 
standard value of 215 cells per cubic millimeter. 

Comparing the general changes in the mean values of the three 
classes of granular leucocytes with thatof the total white cells (Text-fig. 
2) , it win be noted that during the first half of the experiment (October 
to March) increasing values were observed in the total white cells, 
the neutrophiles, and the basophiles (after November) which are 
indicated by the upward direction of their curves . On the other hand, 
this feature was not foimd in the eosinophUe results imtil the Januarj’’ 
and February observations. During the latter part of February and 
throughout March, lower levels prevailed in the total white cell, the 
basophile, and the eosinoplule means but in the case of the neutro- 
philes, the values although comparatively irregular, were on the whole 
not diminished. In the last period of the experiment, the trend of the 
total white cells was again upward, a movement characteristic also 
of the basophiles and to a slight extent of the neutrophiles. The later 
eosinophile means which showed no consistent trend in one direction 
or another were characterized by a series of abrupt and pronormced 
swings. The high points of these fluctuations (Februar)" 29, April 10, 
and ilay 15), however, occurred at the time of high neutrophile values 
and somewhat analogous findings were observ'ed in the earlier weeks of 
the experiment (November 22 and December 20). 
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The coefficients of variation of the neutrophile means of Group I 
(Table I) are fairly uniform although their order of magnitude is high, 

The curv’^e of the smoothed values (Text-fig. 1) shows variations within a 10 per 
cent range at the general level of 30 to 40 per cent e.\-cept in November and Decem- 
ber when the abrupt alteration of mean values is accompanied by a sharp upward 
turn of the coefficient curve. In the case of the basophiles (Table I) the curve of 
the smoothed coefficients of variation (Text-fig. 1) is fairb’’ regular at the 40 to 50 
per cent level except for two major upward swings the end of Januar}^ and the first 
of March which accompany not increased, but diminished mean values. In the 
last third of the experiment, during which the basophile means rose to the highest 
figure observed, the coefficients of variation are comparatively uniform. The 
coefficients of variation of the eosinophile means (Table I) are of a verj'' high order 
of magnitude, the curve of the smoothed values ranging from 47 to 107 per 
cent. The highest points on the curve correspond to the period of extreme!}' high 
mean values in November but to the low mean values in January, Llarch, and !May 
which immediatel}' succeeded abruptly increased counts. During these phases 
of augmented mean values, the coefficients of variation are smaller so that the 
curve is directed downward. 

Group II was examined from March 29 to June 19, 1928 (Table II). 
The curves illustrating the neutrophile, the basophile, and the eosino- 
phile means as percentage deviations from standard values (Text-figs. 1 
and 2) show a striking resemblance in general contour to the curves of 
Group I for tliis period as is also the case with the total white cells 
(Text-fig. 2) ; tlie levels of the means of Group II, however, are con- 
siderably lower. The two prominent peaks of the eosinophile cinrve in 
April and May, occurring almost at the same time as those of Group I, 
are worthy of special note in view of the comparatively small munbers 
of these cells. 

The coefficients of variation of these three cell means of Group II (Table II) 
are of the same order of magnitude as those of Group I. The curves of the 
smoothed values (Text-figs. 1 and 2) are similar to those of Group I except in the 
case of the eosinophiles in which one of the two highest points corresponds to and 
the other directl}' follows, high mean values. 

Group III was examined from September 20 to November 22, 1928 
(Table III). The neutrophile, basophile, and eosinophile mean 
values were generally lower than those of Group I and were more 
comparable to those of Group II, as may be seen by comparing the 
respective curves in Text-figs. 1, 2, 3, and 4. In the case of the neutro- 
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phile curve, there is a prevailing dovmward trend which is described 
in a fairly regular fashion while the direction of the basophile and 
eosinophile curves is upward. The curve for the total white cells, on 
the other hand, is almost a straight line (Text-fig. 4). 

The coefficients of variation, of these means (Table m) are of similar orders of 
magnitude to those of Groups I and II, but contrary towhatwas found in Group I, 
the curve of the smoothed neutrophile values shows more irregularities than that 
of the basophUes (Text-fig. 3) . The highest point of the eosinophile coefficient 
curve (Text-fig. 4) corresponds to the smallest mean value, a feature which was 
generally characteristic of Group I. 

Group IV was examined from November 27, 1928 to June 18, 1929 
(Table IV). On the whole, the mean values for the neutrophile, the 
basophile, and the eosinophile cells were generally smaller than those 
of Group I. In the case of the neutrophiles (Text-fig. 3), low initial 
levels prevailed until the middle of January, at which time a pro- 
nounced increase occurred and a level of approximately 25 per cent 
above the standard value was maintained until the end of April, after 
which progressively smaller values were found. In general form, the 
neutrophile cmve resembles that of the total white cells. The highest 
basophile values, on the other hand, were observ^ed in the first half of 
the experiment as is shown by the curve in Text-fig. 3 ; in the second 
half, the curve occupies a uniform position 25 per cent lower than its 
first level. The two small peaks in the basophile curve at the end of 
January and toward the end of February occm at the time of the 
pronounced upward swing of the neutrophile curve. The trend of 
the first part of the eosinophile curve (Text-fig. 4) is in a rising direction 
culminating abruptly in a sharp peak the latter part of Februa^3^ 
From then onward to the end of the experiment, the curve describes an 
irregular fall and ends at a lower level than that of the initial 
observations. 

The coefficients of variation of the neutrophile, basophile, and eosinophile 
means of Group IV (Table TV) are comparable in their orders of magnitude to 
those of the other groups. From the cuiv'es of the smoothed values, it will be 
seen that that of the neutrophiles was more uniform than that of the basophilcs 
(Text-fig. 3) which is the case with Groups I and n but not with Group HI. It 
should be noted that the marked changes in the level of the neutrophile 
mean values are not accompanied by pronounced fluctuations of the coeffidenf 
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curve. The general level of the basophile coefficient curve is fairly well main* 
tained until April and hlay when an upward swing occurs although no accom- 
panying change in the curve representing the mean values is seen. In the case of 
the eosinophiles (Text-fig. 4), the coefficient curve is fairly regular until April 
and Maj’- when there are two abrupt upward fluctuations. These changes occur 
during diminishing mean values and the second high coeflicient peak follows a 
marked drop in the mean values during the first part of hla}'. 

Group V was examined from December 29, 1928 to June 21, 1929 
(Table V). The curves representing the mean values of the neutro- 
phile, basophile, and eosinophile cells (Text-figs. 3 and 4) are similar 
in general outline to those of Group IV examined during the same 
months. In the case of the neutrophiles, however, mucli lower values 
prevailed until the end of the experiment. A comparison of the 
iieutrophile and total white cell curves brings out the fact of their 
similarity with respect to general fomi as was also found with the other 
groups. The basophile curve for Group V which is relativel}’' stable 
at a level of 50 per cent below the standard value shows the smallest 
fluctuations of any of the basophile curves. In many places, however, 
those which do occur correspond to similar alterations in the curve of 
the Group IV basophiles. In the case of the eosinophiles, the curves of 
the two groups bear a general resemblance to each other but the swings 
of the Group V curve are less pronounced, the summit of its marked 
rise in the middle of the observation period occurs somewhat later, 
and its second half occupies a higher level. 

The coefficients of variation of the neutrophile means of Group V (Table V) 
are generally comparable to those of Group IV (Text-fig. 3) ; those of the baso- 
philes (Table V) are on the whole somewhat smaller (Text-fig. 3). The co- 
efficients of the eosinophile means of Group V are generall}^ smaller than those of 
Group IV (Table IV). In the curve of the smoothed values (Text-fig. 4) it 
should be noted that comparative!}’’ low levels prevail during February and 
IMarcli in which months the mean values were progressively high. In its latter 
portion, the curve described two abrupt upward swings, the first of w’hich 
corresponds to decreasing and the second to increasing mean values. 

There are certain features of these results obtained from the obser- 
vations of many weeks to whicii attention may now be especially 
directed. In the first place, the neutrophiles, as would be e.xpected 
in view of the relative number of these cells, influence the total white 
cell count to the extent tliat the curve representing tlie consecutive 
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smoothed mean values of the one usually resembles quite closely the 
cuiA'e of the other. 

In the experiments carried out for the longer periods. Groups I and 11 
in 1927-28 and Groups IV and V in 1928-29, an increase in the neutro- 
phile mean values occurred in the late vdnter and early spring months 
but during May and Jxme, lower or stationary levels prevailed. In 
Group III examined during the autumn of 1928, the trend was in the 
direction of smaller values, a finding which is in accord with the low 
values of the other groups in October, November, and December of 
both years. The results pertaining to the basophiles differed in the 
two years. In 1927-28, there was a general increase in mean %'alues 
which continued through the spring months; in the second year, the 
trend was toward smaller values. The rising basophile values of 
Group ni in the faU of 1928 were in accord with the early findings of 
Group IV, the first examination of which followed the last observations 
of Group ni. In the case of the eosinoplules, the results were more 
irregular. Their most prominent feature was the abrupt and very 
pronmmced increase and decrease of mean values occurring in Novem- 
ber of 1927 and in the late winter and spring months of 1928 and 1929, 
That the variations in the general levels of the neutrophile, the 
basophile, and the eosinophUe mean values observ'ed in these experi- 
ments have a statistical significance is shown by the following examples 
of the ratios of the difierences of certain means to their probable errors: 


Group 

num- 

Ncutrophiles 

Ba5opbi!es 

Ec^mopbiles 

ber 

Dates of mean values J 

Ratio 

Dates of mean values 

Ratio 

! Dates of values 

RaUo 

I 

Nov. 15 

June 5 

6.21 

Nov. 1 

June 19 

3.03 

i Mar. 13 

Apr. 10 

2.99 


Nov. 15 

Jan. 31 

4.48 

Jan. 31 

Feb. 21 

5,28 


May 1 

3.44 

n 

Mar. 29 

June 19 

3.07 

Mar. 29 

June 5 

5.57 

May 8 

May 22 

3.77 


May 1 

May 22 

5.15 

May 15 

June 5 

4.W 

May 15 

June 12 

3.97 

in| 


Oct. 19 

3.81 

i 

Sept. 20 

i 

Oct. 19 

5.10 

Sept. 20 

Nov. 9 

1.69 


Jan. 2 

Feb. 19 

6.89 

Nov. 27 

Jan. 29 

3 04 

Jan. 2 

Feb. 19 

2. 68 


Apr. 23 

June IS 

7.89; 

Jan. 29 

Mar. 26 

6.73 

Feb. 13 

June 11 

4.67 

V 

Dec. 29 

June 21 

5.12 

Dec. 29 

June 21 

2.94 

Dec. 29 

Mar. 15 

5.94 


Jan. 10 

Feb. 21 

5.76 

Jan. 3 

Feb. 7 

3.90 

1 Mar. 15 | 

.Apr. 26 1 

2.21 
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In general, it was found that in two groups of rabbits examined ■ 
during the same months, the variations in the mean levels of the three 
classes of granular leucocytes were similar both as regards the direction 
of the change and the time at which it occurred. This group resem- 
blance was particularly striking in the case of the marked fluctuations 
of the eosinophiles but it was also cliaracteristic of the neutrophiles 
and the basophiles. The results of the two years differed in that the 
general level of the neutrophile, the basophile, and the eosinophile 
mean values was higher in the groups examined in 1927-28 than in 
those observed in 1928-29. Both features of group resemblance and 
the yearly difference of level were also characteristic of the results 
pertaining to the red blood cells and the hemoglobin content (1) and 
the total white, the granular, and the non-graniflar cells (2). In the 
case of the total white count and its granular and non-granular 
components, the period of greatest irregularity of mean values occurred 
in the late winter and spring months of both years. This was true of 
the neutrophiles in the second year but to a less extent in the first year. 
The basophile values were very variable throughout the first year 
while in the second, the greatest irregularities occurred in the winter 
months. The fluctuations of the eosinophiles were most pronounced 
in the late winter and spring months of both years. 

In the majority of cases, the physical condition of the rabbits 
throughout the periods of observation was excellent and gains in 
body weight were the rule. There were, however, a number of in- 
stances of clinical snuffles of slight or moderate degree as well as 
several cases of ear canker. The effect of these conditions upon the 
blood count will subsequently be taken up in detail when the results 
of these and other experiments are considered from the standpoint 
of the individual animal and of a comparison with snuffles free stock; 
at present the subject can only be referred to briefly. There were 2 
deaths among the 45 rabbits of these experiments, occurring in Group 
IV; both animals had had snuffles and in one, a chronic nephritis 
was foimd at postmortem examination. It appeared that the occur- 
rence of a muco-purulent nasal discharge was most frequently asso- 
ciated with an increase of neutrophiles and in certain instances, of 
lymphocytes, while in a few cases, higher monocyte values were 
observed. The persistence of a nasal discharge was not, however. 
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necessarily accompanied by continued high coupts. On the other 
hand, increased counts were observed in rabbits in which no inter- 
current infection could be demonstrated by repeated clinical examina- 
tion and in addition, comparable fluctuations of cell levels were found 
in both “normal” rabbits and in those with slight or moderate snuffles. 
The effect of ear canker upon the blood coxmt was not clearly defined. 
In certain animals, its occurrence coincided with a transitory increase 
of the neutrophile and lymphocyte cells, while in others, no character- 
istic alteration of cell levels was observed. Although these conditions 
of intercmrrent infection undoubtedly had an effect upon the blood 
count, nevertheless, they do not appear to be a factor of major impor- 
tance with respect to the character of the general variations in cell 
levels observed over long periods of time from the standpoint of 
the consecutive mean values of these animal groups. 

CONCLUSIONS 

Consecutive weekly observations on the neutrophile, the basophile, 
and the eosinophile counts of the peripheral blood were made on 5 
groups of normal rabbits, a total of 45 animals, during a period of 20 
months from October, 1927 to July, 1929. Individual groups were 
examined 8 to 35 weeks. 

In the case of the 4 groups followed 13 to 35 weeks, the general trend 
of the neutrophile cells was towards increased mean values; with the 
group followed 8 weeks, decreasing values were found. An increase 
in the mean values of the basophile cells was observed in the two 
groups of rabbits followed in 1927-28; in the groups of 1928-29, the 
mean values decreased. The mean values of the eosinophile cells 
showed no definite trends but the findings were characterized by 
abrupt and marked fluctuations. 

The periods of greatest irregularity in mean neutrophile and eosino- 
phile values occurred in the fall and the late winter and spring months 
of both years, but in the case of the basophiles, the irregularities were 
distributed throughout the first year and occurred chiefly in the winter , 
months of the second year. 

The major trends and many of the min or fluctuations as well which 
were obser\'ed in the mean cell values of one group of rabbits were also 
generally seen in another group examined during the same months. 
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The general levels of the neutrophile, the basophile, and tlie eosino- 
phile mean values in tlie groups examined during 1927-28 were higher 
than in the groups of 1928-29. 
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STUDIES IN THE BLOOD CYTOLOGY OF THE RABBIT 


V. Consecutive Lymphocyte aih) Monocyte Observations 
ON Groups of Normal Rabbits 

By LOUISE PEARCE, M.D., akd ALBERT E. CASEY, M.D. 

{From the Laboralories of The Rockefeller Institute for Medical Research) 
(Received for publication, April 14, 1930) 

Previous papers of this series have contained the results of repeated 
blood examinations on 5 groups of normal male rabbits with respect 
to the erythrocyte and hemoglobin determinations (1), the total 
white cell contents (2), and the neutrophile (pseudo-eosinophile), the 
basophile, and the eosinophile cell coimts (3). The purpose of these 
experiments was to obtain information on the general character 
or trend of the spontaneous variations described by the cellular 
constituents of the peripheral blood over prolonged periods of time, 
and the data obtained have, in each instance, been presented on the 
basis of the consecutive weekly mean values of each group. In the 
present paper, the results on the non-granular cells — theljTnphocjdes 
and the monocytes — are reported. 

Materials and Methods 

A description of the materials and methods employed in these experiments and 
of the method of analyzing the results obtained has been given in the paper dealing 
with the observations on the erythrocj'tes and hemoglobin (1). SufiSce it to say 
here that the period of time covered by the experiments extended from October, 
1927 to July, 1929, and in the majority of cases, the blood was examined at weeklj’ 
interv'als. The numbers of examinations were: Group 1, 35; Group 11, 13; Group 
III, 8; Group W, 29; Group V, 26. Each of the first 4 groups comprised 10 and 
the last, 5 normal male rabbits. The supravital neutral red technic was used in 
making the difierential white cell counts and 100 cells were coimted in each 
specimen. 


RESULTS 

The consecutive Ijunphocyte and monocyte determinations on 5 
groups of normal rabbits are given in Tables I to Yin the form of mean 
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TABLE I 

Group I — 10 Rabbits. Consecutive Values for Lymphocytes and Monocytes 



Lymphocytes 




Monocytes 


Date 

Mean values 

Standard 

±viation 

Coefii- 
dent of 

1 variation 

Mean values 


CoefB- 
cient of 
variation 

m7-2S 

per cmm. 

per cmm. 

I percent 

per 

cmm. 

Per cmm. 

per cent 

Oct. 24* 

2253 ± 185 

867 

25.97 

987 

=b 

83 

388 

39.31 

Nov. 1 

1861 ± 92 

431 

23.16 

1092 

do. 

139 

650 

59.52 

Nov. 8** 

1929 ± 165 


40.02 

1153 


104 

487 

42.24 

Nov. IS 

2560 ± 105 


19.18 

1085 

db 

83 

389 

35.85 

Nov. 22 

2005 ± 169 

794 

39.60 

1409 

do 

185 

869 

61.67 

Nov. 29 

2984 ±210 

‘ 983 

32.94 

1209 

± 

174 

817 

67.63 

Dec. 6 

2781 ± 238 

1 1117 

40.17 

1073 

± 

114 

533 

49.67 

Dec. 13 

3171 ± 399 

1 1871 

59.00 

1178 

± 

127 

596 

50.59 

Dec. 20 

2209 ± 166 

1 778 

35.22 

1231 

± 

127 

595 

48.33 

Dec. 27 

2554 ± 197 

mm 

36.10 

864 

± 

77 

362 

41.90 

Jan. 3 

2945 ± 333 


52.94 

1045 

± 

52 

245 

23. U 

Jan. 10 1 

3425 ± 256 

1202 

35.09 

967 

± 

73 

341 

35.26 

jan. 17 

3429 ± 352 

1648 i 

49.11 

1025 

=b 

102 

480 

46.83 

Jan. 24 

3511 ± 285 

1336 

38.05 j 

967 

± 

58 

270 

27.92 

Jan. 31 

3444 ±284 

1332 

38.68 

1023 

± 

81 

380 

37.15 

Feb. 7 

3501 ± 263 

1235 

35.28 

1100 

± 

106 

497 

45.18 

Feb. 14 

3070 ±225 

1056 , 

34.40 

1201 

dr 

134 

627 

52.21 

Feb. 21 

4671 ± 496 

2324 j 

49.75 

1218 

± 

148 

693 

56.90 

Feb. 28 

2507 ± 151 

•708 

28.24 

1145 

db 

101 

474 

41.40 

Mar. 6 

2934 ± 183 1 

859 i 

29.28 

1117 

db 

76 

354 

31.69 

Mar. 13 

2532 ±221 

1037 

40.96 

1183 

± 

138 

648 

54.78 

Mar. 20 

■ 2563 ± 166 

779 

30.39 

1084 

± 

83 

389 

35.89 

Mar. 27 

3044 ± 217 

1015 

33.34 

1112 

do 

104 

488 

43.88 

Apr. 3 

3322 ± 335 

1571 

47.29 

1181 

do 

127 

595 

50.38 

Apr. 10 

3966 ± 337 

1578 

39.79 

1027 

± 

123 

576 

56.09 

Apr. 17 

3734 ± 245 

1149 . 

30.77 

1107 

± 

121 

569 

51.40 

Apr. 24 

3073 ± 288 

1352 

44.00 

933 

± 

134 

627 

67.20 

May 1 

4165 ± 316 

1483 

35.61 

933 

± 

93 

438 

46.95 

May 8 

3358 ± 251 

1178 

35.08 

1092 

± 

87 

407 

37.27 

May 15 

3775 ± 190 

891 

23.60 

1071 

± 

100 

468 

43.70 

May 22 

3624 ± 169 

792 

21.85 

1245 

± 

no 

516 

41.45 

May 29 

4182 ± 324 

1521 

36.37 

1410 

zt 

294 

1377 

97.66 

June 5 

4602 ± 205 

959 

20.84 

1543 

± 

169 

790 

51.20 

June 12 

4455 ± 473 

2219 

49.81 

1270 

± 

117 

546 

42.99 

June 19 

3376 ± 292 

1371 

40.61 

1106 

± 

114 

536 

48.46 

Mean 

Minimum 

^lasimum 

3186 ± 83 
1861 

4671 

731 1 

1 

22.94 

1125 ± 
864 
1543 

16 

139 

12.36 


* October 24 and 26. 
** November 4 and 9. 
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TABLE n 


Group II— 10 Rabbits. Consecutive Values for Lymphocytes and Monocytes 



LymplicxTtcs 


j Monocytes 


Date 

Mean values 

Standanl 

deviation 

Coe£- 
denl of 
\*arialion 

Mean values 

Standard 

deviation 

Coeffi- 
dent of 
variation 

ms 

Per cmm. 

1 per cmm. 

1 PercerJ 

Per cir.m. 

percmm. 

Per ccni 

Mar. 29 

2210 i 173 

809 

36.61 

573 ± 35 

165 

28.80 

Apr. 3 

3313 i 262 

1 1227 

1 37.04 

677 ± 101 

474 

70.01 

Apr. 10 

3073 d= 287 

1347 

43.83 

844 ± 89 

416 

49.29 

Apr. 17 

3429 i 286 

1342 

39.13 

1076 = 154 

724 

67.29 

Apr. 24 

3067 i 203 

950 

30.97 

853 ± 102 

476 

55.80 

May 1 ! 

3257 ± 231 

1081 

33.19 

6S0± 64 

299 

43.97 

May 8 ' 

3215 i 216 

1012 

31.48 ' 

777 ± 83 

388 

49.94 

May 15 

2605 i 247 

1158 

44.45 

721 ± 126 

590 

81.83 

May 22 

3960 i 284 

1331 

33.61 

1028 ± 101 

475 

46.21 

May 29 

3758 i 365 

1713 

45.58 

843 ± 97 

455 

53.97 

June 5 

3864 ±252 

1180 

30.54 

796 ± 70 

329 

41.33 

June 12 

3236 ± 244 

1144 ' 

35.35 

1063 ± 110 

517 

48.64 

June 19 

3526 ± 222 

1040 

29.50 

1166 ± 66 

310 

26.59 

Mean 

Minimum 

Maximum 

3270 ± 87 
2210 

3960 

465 

14.22 

854 ± 32 ' 
573 

1166 

1 

173 

20.26 


TABLE HI 


Group III — 10 Rabbits. Consecutive Values for Lymphocytes and Monocytes 


Date 

Lymp!iocytes 

Moncxytes 

1 ilcan values 

Standard 

Ideviaiioa 

Coefi- 
1 dent of 
variation 

! 

Mean values 

Standard ’ 
devialina 

CoeS- 

d-atof 

v’ariatioa 


per cmn. 

per cmm. 

Per cerJ 

Per cmm. 

Per cmm. 

Per cent 


1971 ± 268 

1254 

63.62 

712 ± 113 

529 

74.30 


2454 ± 287 

1345 

54.81 

780 ± 88 

414 

53.08 

Oct. 10 ' 

2178 ± 82 

385 

17.68 

739 ± SO 

373 

50.47 

Oct. 19 

2497 ± 142 

667 

26.71 

813 ± 103 

482 

59.29 

Nov. 2 

2009 ± 167 

784 

39.02 

797 ± 101 

472 

59.22 

Nov. 9 

2352 ± 151 

708 

30.10 

820 ± 64 

300 

36.59 

Nov. 16 

1883 ± no 

516 

27.40 

733 ± 89 

415 , 

53.69 

Nov. 22 

2348 ±181 

850 

36.20 

895 ± 112 

525 

58.66 

Mean 

2212 ± 53 

220 

9.95 

786 ± 13 

55 

7,00 

Minimum 

1883 



712 


1 

Maximum 

2497 


i 

895 

1 
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values, together with the probable errors of the means, the standard 
deviations, and the coefficients of variation. The curves in Text-figs. 

TABLE IV 


Group IV — 10 Rabbits. Consecutive Values for Lymphocytes and Monocytes 


Date 

Lymphocytes 

Monocytes 

Mean values 

Standard 

deviation 

Coeffi- 
cient of 
variation 

Mean values 

Standard 

deviation 

Coeffi- 
cient of 
variation 

ms-29 

tier emtn. 

per emm . 

per cent 

Per emm. 

per emm. 

per cent 

Nov. 27 

2616 ± 173 

812 


546 ± 

39 

183 

33.56 

Dec. 4 

2713 ± 153 

717 

26.44 

499 ± 

45 

212 

42.47 

Dec. 11 

2319 rfc 182 

854 

36.84 

452 ± 

55 

256 

56.63 

Dec. 18 

2168 ± 211 

991 

45.72 

790 db 171 

801 

101.35 

Dec. 26 

2160 ± 186 

871 


362 ± 

49 

229 

63.24 

Jan. 2 

1563 ± 82 

383 

24.48 

456 ± 

60 

280 

61.40 

Jan. 8 

2040 ± 172 


39.55 

490 ± 

90 

422 

86.08 

Jan. 15 

1955 ± 84 

394 

20.13 

563 ± 

48 

224 

39.80 

Jan. 22 

1839 ± 160 

751 

40.81 

704 ± 

87 

406 

57.72 

Jan. 29 

2470 ± 154 

720 

29.15 

591 ± 

73 

342 

57.84 

Feb. 5 

1873 ± 144 


36.09 

546 ± 

70 

330 

60.34 

Feb. 13 

2036 ± 108 

505 

24.80 

826 ± 148 

693 

83.89 

Feb. 19 

1907 ± 146 



893 ±; 101 

474 

53.08 

Feb. 26 

2038 db 139 

651 

31.96 

1066 db 100 

468 

43.87 

Mar. 12 

2007 ± 142 

668 

33.29 

1006 ± 

92 

431 

42.81 

Mar. 19 

2189 ± 129 

604 

27.58 

857 zb 

74 

346 

40.40 

Mar. 26 

2290 ± 199 

934 

40.76 

635 ± 

66 

310 

48.85 

Apr. 2 

1561 ± 185 

869 

55.70 

856 i 

94 

443 

51.74 

Apr. 9 

2530 ± 168 

787 

31.09 

1066 ± 

98 

460 

43.15 

Apr. 16 

2765 rfc 233 

1092 

39.50 

709 db 

57 

269 

37.95 

Apr. 23 

2971 zt 200 

939 

31.62 

916 ± 

99 

462 

50.44 

Apr. 30 

2301 ± 183 

857 

37.23 

619 ± 

88 

413 

66.63 

May 7 

2574 ± 146 

686 

26.64 

699 ± 

46 

216 

30.95 

May 14 

2514 ± 150 

668 

26.55 

622 ± 

62 

276 

44.34 

May 21 

1672 ± 93 

413 

24.71 

565 d= 

36 

159 

28.19 

May 28 

2523 ± 169 

752 

29.78 

479 d= 

58 

259 

54.11 

June 4 

1960 ± 172 

763 

38.94 

678 db 

62 

276 

40.77 

June 11 

1920 ± 153 

682 

35.53 

509 ± 

44 

196 

38.50 

June 18 

2609 ± 205 

860 

32.94 

530 ± 

42 

176 

33.18 

!Mean 

2210 ± 45 

363 

16.40 

673 ± 

24 

190 

28.20 

Minimum 

1561 



362 




Maximum 

2971 



1066 





1 and 2, illustrating the mean values, have been drawn in the form of 
the percentage deviations of the smoothed means from standard 
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values (1,4); similar curves for the total wliite cells (2) have beeu 
included to facilitate convenient comparisons vfith their fluctuations. 
The other curves in the text-figures represent the smoothed coefficients 

TABLE v 


Group V — 5 Rabbits. Consecutive Values for Lymphocytes and Monocytes 


Date 

Lymptocytes 


^fonoGj-tes 


Slean values 

Standard 

demtioa 

Coeffi- 
cietit of 
variation 

Mean values 

Standard 

detdadon 

CoeS- 
dent of 
vaiiadoa 

ms-29 

pet cmm. 

ptrcmm. 

percenl 

per cmm. 

Per cnm. 

Ptr cerJ 

Dec. 29 

2310 i 95 

314 

13.59 

631 ± 

92 1 

305 

48.34 

Dec. 31 

1650 206 

683 

: 41.39 

350 ± 

34 

113 

32.29 

Jan. 3 

2127 i 386 

1279 

60.13 

588 ± 

65 

215 

36.56 

Jan. 10 

1676 ± 130 

431 

25. n 

309 ± 

26 

86 

27.83 

Jan. 24 

1135 i 107 

353 

31.10 

544 ± 

60 

200 

36.76 

Jan. 31 

1503 90 

299 

19.89 

505 ± 

46 

153 

30.30 

Feb. 7 

1198 ± 139 

460 

38.40 

591 ± 

44 

146 

24.70 

Feb. 15 

2147 i 211 

698 

32.51 

605 ± 

69 

227 

37.52 

Feb. 21 

2304 i 146 

485 

21.05 

618 ± 

47 

156 

25.24 

Mar. 1 

2941 ±328 

1087 

1 36.96 

723 ± 

71 

234 

32.37 

Mar. 8 

2820 ±156 

517 

18.33 

639 ± 

47 

146 

22.85 

Mar. 15 

2387 ± 167 

552 

23.13 

561 ± 

67 

223 

39.75 

Mar. 22 

2610 ± 214 

710 

27.20 

816 ± 

148 

492 

60.29 

Mar. 29 ! 

3092 ± 396 

1314 

42.50 

905 ± 

133 

441 

48.75 

Apr. 5 

3038 ± 133 

440 

14.48 

671 ± 

132 

436 

64.98 

Apr. 12 ' 

2668 ± 114 

577 

14.13 

635 :iz 

54 

179 

28.19 

Apr. 19 . 

1990 ± 226 

749 

37 64- ! 

RTS 


242 

27 66 

Apr. 26 

2357 ±208 

688 

29.19 

523 

60 

199 

38.05 

May 3 

2927 ± 160 

529 

18.07 

78S ^ 

31 ! 

101 

12.82 

May 10 

2700 ± 117 

388 

14.37 

563 ± 

31 

101 

17.94 

May 17 

2886 ± 139 

459 

15.90 

524 ± 

32 

106 

20.23 

May 24 

2219 ± 184 

610 

27.49 

547 ± 

85 

283 

51.74 

May 31 

3580 ± 605 

2006 

56.03 

531 ± 

56 

184 

34.65 

June 7 

2913 ± 176 

584 

20.05 

880 ± 

60 1 

198 

22.50 

June 14 

2913 ± 173 

572 

19. M 

1023 ± 

107 

353 

34.51 

June 21 

2944 ± 260 

861 

29.25 

1007 ± 

125 

414 

41.11 

Mean 




6=;? -t- 

23 

176 j 

26.99 

Minimum 



Maximum 




1023 


j 



of variation of the means. The standard values used in this compari- 
son of mean values are: Ij’mphocj'tes, 3050 per cubic millimeter; 
monocytes, 1000 per cubic millimeter; total white blood cells, 9560 per 
cubic millimeter. 
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DISCUSSION AND SUMMARY 

The results of these experiments will be discussed in chronological 
order. It will be noted that the observations on Group II were made 
during the spring of 1928 at which time Group I was still being ex- 
amined, and that Groups IV and V were followed during the winter and 
spring months of 1928 and 1929. 

Group I was examined at weekly intervals from October 24, 1927 to 
June 24, 1928 (Table I). From the curves in Text-fig. 1, which illus- 
trate the lymphocyte and monocyte mean values in the form of per- 
centage deviations from standard values as given above, it will be 
seen that the mean numbers of lymphocytes were considerably in- 
creased above their low initial level by the end of the experiment. 
This change was accomplished gradually and in a fairly consistent 
fashion with the exception of a minor drop of the values in December 
and June and an abrupt and pronounced fall at the end of February 
and the first half of March. In the case of the monocytes, the general 
level of which was continuously above the standard value, no such 
sustained increase of mean values was observed. The curve represent- 
ing these cells contains 3 major upward swings which occurred in 
November, in February and March, and in ]\Iay. During certain 
periods, as in October and November, and again in Ma)'" and June, the 
lymphocyte and monocyte curves follow the same general trend. At 
other times, however, this parallel relationship did not hold. In 
January, the lymphocyte curve describes a sharp rise while tlie mono- 
cyte curve is stationary and in February, March, and April, when an 
abrupt fall of the lymphocyte curve is followed by a pronounced rise, 
the monocyte curve describes a slight but protracted decline. It will 
be seen by the curve in Text-fig. 1, that the total white cell count was 
considerably increased during the experiment, and a comparison with 
the l 3 Tnphocyte curve shows that its fluctuations are frequentl}’’ re- 
flected in those of the total white cells. Although tlie coefficients of 
variation of the lymphocj^te means (Table I) are of a high order of 
magnitude, the curve of the smoothed values (Text-fig. 1) is quite 
regular. The monocyte coefficients (Table I) are slightly higher than 
those of the lymphocytes and their smoothed curve (Text-fig. 1) is 
more irregular. 
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Group II 'was examined from March 29 to June 19, 1928 (Table II) . 
The curves representing its lymphocyte and monocjTe means (Text-fig. 
1) bring out clearly the lover numerical levels of both classes of ceUs 
as compared with those of Group I. In the case of the lymphocytes 
the general forms of the curves of Groups I and n are very similar but 
with the monocytes, the resemblance is less striking. 

The lymphocyte and total white cell curves are, on the whole, much alike. 
There are certain portions of the latter curve, however, which resemble the mono- 
cyte more than the l 3 Tnphoc 3 'te curve, as for example, that covered by the lit two 
observations. The coefficients of variations of the lymphocyte and monocyte 
means of Group 11 (Table II) are of the same order of magnitude as those of Group 
I and their smoothed curves (Text-fig. 1) present the same general appearance. 

Group in was examined from September 20 to November 22, 1928 (Table III). 
From the curves in Text-fig. 2, it will be seen that the levels of both the lymphocy'te 
and the monocyte mean values were of the same order as those of Group 11 rather 
than those of Group I. Only^ minor changes in the values of Group HI were 
observed. The monocj'te curve describes a gradual comparatively' slight rise 
whUe the lymphocyte curve shows no clearly' defined trend. The total white 
cell curve describes a slight downward trend and it is almost a mirror image of 
the monocyte curve. With the exception of the first two points of the lymphocyte 
curve, the curves of the smoothed coefficients of variation of the lymphoo'te 
and monocy'te means (Text-fig. 2) are comparable to those of Groups I and 11. 

Group rV was examined from November 27, 1928 to June 19, 1929 
(Table IV). The general level of the lymphocyte mean values was 
comparable to the results in Groups II and III and to the first quarter 
of the findings of Group I. During December, the trend of mean 
values was decreasing as shown by the falling curve (Text-fig. 2); 
during January, February, and March, a low level was fairly con- 
stantly maintained; in April, an abrupt increase occurred and this was 
succeeded by a second decrease. The curve representing the mono- 
cytes (Text-fig. 2) shows first that the general level of mean values was 
usually lower than that of Group I and was more comparable to those 
of Groups n and III. From very low levels in December and early 
January, the pronounced upward swing of the cun'e in February', 
hlarch, and April indicates the increase of monocytes during this 
time, and its subsequent descent illustrates the eventual drop in the 
numbers of these cells. The general trend of the Ij'mphocy'te and the 
monocj'te means is similar in the beginning and during the last third 
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of the experiment, but during much of the time, the increase of 
monocytes was accompanied by practically no change in the level of 
lymphocyte mean values. In general form, tlie total white cell curve 
(Text-fig. 2) has many points of resemblance with the monocyte 
as well as with the lymphocyte curve. 

The coefficients of variation of the IjTiiphocyte means (Table IV, Text-lig. 2) 
which are on the whole quite uniform, are of a similar order of magnitude to those 
of the other groups. The coefficients of the monocj'tes (Table IV, Te.xt-fig. 2) are 
somewhat more variable and tend to be slightly higher than those of the other 
groups. 

. Group V was examined from December 29, 1928 to June 21, 1929 
(Table V). The mean lymphocyte values as shown by the curve in 
Text-fig. 2 were on the whole higher than those of Group IV examined 
during the same montlis, but they did not equal the high levels of 
Group I examined the previous year. In its first portion, the curve 
representing these findings resembles that of Group IV, but its rise 
was initiated in February and from then onward to the end of the 
experiment, a comparatively high level prevailed. The rise of the 
Group IV curve, which was of short duration, occurred in ]\Iarch 
and April. In respect to the maintenance of higher values in the 
spring months. Group V resembled Groups I and II. The monocyte 
curves of Groups IV and V are, on the whole, similar in general form 
until the end of the experiment (Text-fig. 2) ; during June, the curve for 
Group V describes an abrupt and marked rise while that of Group IV 
continues its downward trend. The general level of the Group V mean 
values was slightly lower than those of Group IV. It will be noted by 
comparing their respective curves, that the movements of the lympho- 
cyte and monocyte mean values are generally similar in direction 
during the first two-thirds of the experiment. In April and INIay, 
however, the lymphocyte curve is rising while the monocyte curve is 
falling; in June tlie lymphocyte curve is stationary at a high level 
while the monocyte curve shows an abrupt rise. On the whole, the 
general contour of the total white cell curve of Group V (Text-fig. 
2) resembles the l 3 mphocyte more than the monocyte ciuve. Dur- 
ing April and May, however, when its level continues to be quite 
regularly maintained, the lymphocytes are rising and the monocytes 
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are falling; in June, when it is undergoing a gradual and compara- 
tively slight rise, the lymphoc>d;es are high and the monocytes are 
very high. 

The coefficients of variation of the IjTnphocj'te means of Group V (Table V, 
Text-fig. 2) are entirelj’ comparable to those of Group W; those of the mono- 
c>’te means (Table V, Text-fig. 2) on the other hand, are considerably smaller 
and are generallj' more uniform. As far as general level is concerned, the 
monocyte coefficients of Group V are the lowest of any of the 5 groups. 

There are certain features of these results which merit special atten- 
tion. In the first place, the general levels of both lymphocyte and 
monocyte mean values during 1927-28 were on the whole higher than 
in 1928-29, as was found with the red cells and hemoglobin (1), the 
total white cells (2), and the neutrophiles, the basoplules, and the 
eosiaophiles (3). Secondly, the parallelism shown by two groups ex- 
amined during the same months with respect to the direction of a 
change in the level of mean ceU. values and the time of its occurrence, 
which was characteristic of the other cells and of the hemoglobin 
content, was less pronoimced in the case of the Ijunphocytes and mono- 
cytes. With Groups I and II, the lymphocyte curves are very similar 
but those of the monocytes are less alike; with Groups IV and V, 
the monocyte curves up to their last periods have a general resemblance 
to each other while the lymphocyte curves are frequently dissimilar. 
Thirdly, the general trend of cell level shown by the lymphocytes 
was one of increasing values in the late winter and spring months 
while lower values prevailed in the fall and winter. In the case of 
the monocytes, a similar but less consistent trend toward higher 
numerical values was obser\’’ed and in addition to a late winter and 
spring rise, there was some indication that higher counts were charac- 
teristic of the early winter months (Group I, November; Group UJ, 
rise of curve from a lower September to a higher November level; 
Group rV, fall of curve from a higher November to a lower December 
level) . Fomrthly, the period of greatest irregularity in the lymphocyte 
mean values occurred in the late winter and spring months of both 
years; with the monocytes, on the other hand, this feature was ob- 
served in the fall and early summer months of the first year and during 
the late winter, the spring and the early summer months of the second 
y^ear. 
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The significance to be attached to the major changes in the levels of 
lymphocyte and monocyte mean values is indicated by tlie following 
examples of the ratios of the differences of various means to their 
probable errors. 


Group 

number 

j Lymphocj'tes 

Jlonocytes 

Dates of mean values 

Ratio 

Dates of mean values 

Ratio 

I 

Oct. 24 

June 19 

1 

3.26 

Oct. 24 


2.94 


Feb. 21 


4.03 

May 1 


3.16 


Mar. 20 

June 5 

7.72 




II 

Mar. 29 

May 22 

5.26 

Mar. 29 

Jane 19 

1 

7.91 

III 

Sept. 20 

Oct. 19 

1.74 

Sept. 20 

1 

Nov. 22 

0.92 

IV 

Nov. 27 

Jan. 2 

6.61 

Dec. 26 

Feb. 26 

6.34 


Jan. 2 

Apr. 23 

3.45 

Feb. 26 

June IS 

4.96 


Apr. 23 

June 11 

2.46 

Feb. 26 

ilar. 26 

3.59 

V 

Dec. 29 

June 14 

3.06 

Dec. 26 

June 21 

2.43 

• 

Jan. 24 

Mar. 8 

8.92 

May 17 

June 14 

4.46 


Apr. 19 

June 7 

3.23 





The question of the numerical relationship of lymphocytes and 
monocytes in the peripheral blood has received much attention. In 
so far as the results on these groups of normal rabbits are concerned, 
the present findings indicate that a constant and consistent relation- 
ship between these cells does not obtain over long periods of time. 
This feature of the observations may be best appreciated by comparing 
the respective curves representing the consecutive weekly mean values 
of these cells (Text-figs. 1 and 2). In certain portions, both curves 
show similar changes in level during the same weeks, indicating that 
both classes of cells have imdergone analogous numerical changes 
(Group I, November, May, June; Group IV, January, April, May; 
Group V, February, April). In other portions, however, the curves 
move in opposite directions (Group I, December, January, April; 
Group II, Jime; Group III, October; Group FV, December, February; 
Group V, Ma)’’, June). It is evident, however, that before final 
conclusions on the Ijnnphocyte-monocyte niunerical relationship can 
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be drawn, the results of experiments of this type must be analyzed from 
the standpoint of the individual animal. 

CONCLUSIONS 

Consecutive weekly observations on the lymphocyte and monocyte 
coimts of the peripheral blood were made on 5 groups of normal rabbits, 
a total of 45 animals, during a period of 20 months from October, 1927 
to July, 1929. Individual groups were examined 8 to 35 weeks. The 
results are analyzed on the basis of the mean group values of each week. 

In the case of the 4 groups followed 13 to 35 weeks, there was a 
general tendency for the lymphocyte mean values to become increased; 
with the group observed 8 weeks, the level of mean values showed little 
change. The general trend of the monocyte mean values was also 
in the direction of higher levels but it was less pronounced than that 
of the lymphocytes. 

The period of greatest irregularity m the mean values of the lymph- 
ocytes was in the late winter and spring months of both years. With 
the monocytes, periods of fluctuating values occurred in the fall of 
1927, the spring and early summer of 1928, and in the late winter, 
spring, and early s umm er of 1929. 

There was a certain degree of parallelism in the case of two groups 
examined during the same months with respect to the direction and 
time of occurrence of a change in the level of lymphocyte and mono- 
cyte mean values. 

The general levels of lymphocyte and monocyte mean values in the 
groups examined during 1927-28 were higher than in the groups of 
1928-29. 

The results based upon the trends of mean group values obtained 
from consecutive weekly observations showed no evidence of a con- 
sistent numerical relationship between lymphocytes and monocytes. 
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In tlie complex problems whicb have arisen in the study of nephritis 
the experimental method has proved a useful adjunct. !Many aspects 
of the disease which can be examined only at the end of long continued 
processes in man and which, therefore, remain obsure to purely 
anatomical investigation, become relatively simple when examined 
during their development by this method which allows freedom of 
procedure and more rigid control to the investigator. 

In one aspect, however, the advance has not been encouraging, and 
that is the correlation of disturbances in the function of the organ with 
changes in its anatomical structure. Various reasons are evident for 
this situation. The normal function of the kidney is far from under- 
stood, and this is particularly true of the complex kidney of mammals. 
A fmdher complicating factor is that the nephritb which develops under 
experimental conditions is of almost as involved a nature as that found 
in the disease of man.‘ The first and great advantage of the experi- 

* This investigation has been made with the assistance of a grant from the 
Committee on Therapeutic Research, Council on Pharmacology' and Chemistry, 
American Medical Association. 

^ An example of this is found in the different interpretations which have been 
offered for the histiogenesis of experimental chronic uranium nephritis in mam- 
mals, Dicl'-son {Arch. Int. Med., 1909, 3, 375; 1912,9, 557) believes the chro- 
nicity of the lesion to be the result of a vascular lesion; Susuki and .Aschoff {Vcr- 
handl. Dent. path. Gcscl., 1912, IS, 199) to a hydronephrotic factor, and Oliver 
{Jonrn. Exp. Med., 1915, 21, 425; 1916, 23, 301) to a direct inflammatory stimu- 
lation of the connective tissue. 
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mental method, namely, the simplification and control of conditions, 
is not therefore really available in its full extent when mammals are 
subjected to its procedures. 

An analogous situation has been recognized by the physiologists 
in their work and these difficulties met by modification of the direction 
of their attack. The work of Richards (1), Bieter and Hirschfelder 
(2), Marshall (3), and Hober (4), to mention but a few, in wliich direct 
methods have been applied to simple kidneys has objectively estab- 
lished a few certain facts and thus removed them from the field of 
hypothesis where they had so long remained. The application of these 
newer methods to the study of the abnormal kidney is an obvious 
step. Direct experimentation, as Richards has termed it, both by 
visual observation of the living functioning organ and by perfusion of 
it, a method so brilliantly used by Hober and his pupils, might be used 
with the simple kidney of the frog in which abnormalities have been 
produced. It is possible that this might allow of the establishment of 
a base from which a later extension to the more complicated conditions 
obtaining in the abnormal mammalian kidney could be taken. 

The present investigation is the first of a series of such studies of 
experimental nephritis in the frog.^ As a first step, the method of pro- 
duction of the experimental lesions in the frog’s kidney is described 
and the types of nephritis which may be produced in the animal 
detailed. In subsequent articles changes in the circulatory reactions 
of kidneys in which an experimental nephritis has been produced will 
be described and contrasted with those of the normal kidney. The re- 
sponse of the kidney, as tested by the method of perfusion, to damage 
of limited extent and of controlled nature as it may be produced 
in the isolated organ will next be given. The final step will be the 
presentation of a similar functional study of the disease as it exists 
when produced in the living frog and a correlation of these changes 
with the anatomical findings in the light of what we have learned with 
this “artificial” nephritis in the isolated organ. 

^ Four studies preliminary to this series, concerned with certain physiological 
aspects of our problem have appeared in the Journal of Experimental Medicine, 

1929, SO, 15; 1929, SO, 601; 1930, 51, 161; and the American Journal of Physiology , 

1930, 93, 363. 
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Methods 

The animals used were chiefly R. caiesbiana, since their kidneys are 
large and show the lesions most satisfactorily. 

In our choice of renal poisons we have been guided by past studies 
of the similar problem in mammals. The list of agents we have used 
are: corrosive sublimate, potassium bichromate, uranium nitrate, 
xicin, canthaiidin and snake venom. The first three substances have 
been classified from the lesions which they produce in mammals as 
tubular poisons, while the last three are reported to afltect with more or 
less specificity the vascular apparatus of the kidney. 

The experimental procedure was as follows. 

Various amounts of a substance were injected into the dorsal lymph sacs of the 
frogs and the animals returned to their water tanks. After definite periods of time 
they were killed and portions of their kidneys fixed in 10 per cent formalin, Orth’s 
fluid, Bensely’s mixture, and Keister’s fixative. Sections were stained with hema- 
toxylin and eosin. Van Gieson’s mixture, iron hematoxylin, Mallory’s connective 
tissue stain, Weigert’s fibrin stain and for the mitochondria by Bensely’s and Kei- 
ster’s methods. In all cases great care was taken to fix the kidney tissue promptly 
after death. Post mortem change is extremely rapid if the frog lies dead in the 
tank and the autotytic changes resemble somewhat those which may occur as a 
result of toxic substances. For this reason frogs found in the morning, which 
might possibly have died earlier in the night were discarded and dying animals 
were killed as soon as their condition was detected. An apparent variation was 
frequently noted in the toxicity of a given substance when administered to different 
frogs. This we think was the result of diffusion of the substance from the dorsal 
lymph sac of the frog through the puncture wound into the water of the tank. 
Such irregularities may be largely avoided by intraperitoneal injection but the 
possibility of their occurrence must be kept in mind in the comparison of lesions 
in different animals. 

We wotild call attention to the fact that the frog may suffer from 
spontaneous lesions of the kidney. These are the result of a general 
parasitic infection of the animal in which focal lesions develop in the 
kidney as well as in other organs. These lesions, consisting of cir- 
cumscribed roimd areas of necrosis filled with nuclear debris which 
involve all the tissue cells indiscriminately in the infected focus, maybe 
easily recognized. All frogs which were found to be so infected were 
discarded. 
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EXPERIMENTAL 

The Lesion ivilh ^‘Vascular'’ Poisons 

We were unable to produce constant lesions in the kidneys of the 
frogs which had been injected with the so-called vascular poisons. In 
the case of cantharidin the insolubility of the substance in water re- 
quires a solvent, acetic etlier, which is even more toxic than the drug. 
The animals succumbed in a short time to the injection 0.5 cc. and if 
given in lesser amounts so little cantharidin was administered that no 
ill effects were noted after repeated injections. Large repeated injec- 
tions of ricin, totaling 10 cc. of a saturated saline solution in the course 
of 3 days, produced no ill effects and the kidneys appeared entirely 
normal. The animals were also resistant to the action of snake venom. 
Doses whicli would be enormous for mammals did not kill the frogs, 
and when death followed repeated injections the kidneys showed no 
definite or constant effects. 

These experiments, on account of their negative findings, are not 
described in detail but may be summarized by the statement that we 
were imable to produce lesions witli regularity by the use of these 
substances. 


The Lesion with ^^Tubular” Poisojis 
Corrosive Sublimate 

The amount of corrosive sublimate injected into the animal varied 
from 1 to 7.5 mg. The average weight of the frogs being 500 gm. 
this equals an average dosage of 8 mg. per kilo. As mentioned before 
considerable variation in the apparent effect of the drug was noted 
but these irregularities were avoided by disregarding those animals in 
which the experiment had failed to damage the kidneys. 

As in mammals a striking feature of the action of the sublimate was 
the damage to the tubular epithelium (Fig. 1). 

This was apparent within 18 hours following the injection and in this early 
period consisted of marked cloudy swelling of the tubular epithelium with occa- 
sional necrosis and desquamation. The seat of the lesion was definitely limited to 
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the broad proximal convoluted segment of the renal tubule, the narrotv neck, distal 
convoluted portion and the coEecting tubules remaining essentiaUy normal.^ 

In the mitochondrial preparations the usual e\'idence3 of early ceUular damage 
were found. The granules in the involved portion of the tubule were swoUen 
and irregularly distributed in agglutinated clumps and masses. In some necrotic 
cells these irregular clumps of heavily stained material persisted whfle in others 
solution of the substance had occurred so that the dead ceU bod}' was free of any 
granular substance. In these early stages of the damage the batonnets of the dis- 
tal convoluted tubule stained nonnaUy. 

In striking contrast to the effects of sublimate on mammals was the 
early and constant evidences of damage which were observed in the 
glomeruli. 

In many cases these lesions were present in kidneys whose tubules showed Uttle 
if any abnormaUties and they were constantly found in those where the damage was 
at all severe. The simplest abnormalit}'- observ'ed was the deposit of granular 
material in Bowman’s space. This material was in some cases arranged in fibrin- 
like threads but its staining reaction was not that of tj-pical fibrin. In other cases 
this material was condensed and deposited on the surface of the glomerular tuft 
where it formed a thin dense covering which foUowed the indentations between the 
capiUaries into the central portions of the structmre. Such appearances were, 
however, usuaUy noted in kidneys which were more severely damaged than those 
which we are at present describing. Beside these lesions in the tubules and 
glomeruli the interstitial tissue showed a sEght edema, and some general hj-per- 
emia of the capEIaries between the tubules was occasionaEy present. 

In animals which had received the larger doses and which had lived 
70 hours the lesions were much further developed and consequently 
were more severe. 

Extensive necrosis of the tubular epithehum was present and the desquamated 
dead cells fiEed the lumen of the proximal convoluted tubule. This portion in fact 
no longer existed except as a space within the membrana propria which was 
packed solid with granular debris. The damage in such kidneys had also spread 
both back toward the glomerulus and in the opposite direction, so that examples 
might be found where the neck and the distal convoluted tubule were also de- 
stroyed. The coEecting tubules were only sEghtly altered. In them, however, 
was found debris, evidently derived from higher reaches of the tubule, and here 

* We have used the terminologv' of Stewart (5) because of its analogies with that 
used for the mammahan kidney. Proximal convoluted tubule is s}'non>'mous 
with Segment II, distal tubule with Segment III, and coEecting tubule with Seg- 
ment IV of other writers. 
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also definitely formed casts were present. They were of the hyaline type as a 
rule, though some contained granular material. It was a striking finding that 
such fully formed consolidated casts were found almost onl)’’ in the distal con- 
voluted tubule and in the excretorj’’ ducts and were seldom seen in the pro-ximal 
portion of the tubule where the active damage was occurring. For this reason in a 
frontal section through the kidney a peculiar distribution of them was found since 
they were clustered in those sections of the tubule that lay around the glomeruli in 
the middle and ventral portions of the kidnej". 

The glomeruli of such kidneys showed even greater damage than has been 
described. The same collections of fibrinoid substance in Bowman’s space were 
found but in the tissues of the tuft definite changes were also obsen’^ed. Intense 
engorgement rvith the formation of hyaline thrombi composed of agglutinated red 
blood cells and scattered areas of edema and even necrosis were present Patches 
of nuclear dfibris were scattered among the loops and occasionally a tuft could 
be found so severely damaged that hemorrhage had occurred into the capsular 
space. On the other hand some damaged glomeruli were anemic, and might be 
found greatly altered and even disrupted without any escape of blood from their 
capillaries. These glomerular lesions were at times the most striking abnormality 
found in the kidneys. In the kidney of one animal which had received 1 mg. 
and was killed on the second day the tubules showed no ver^'^ definite lesions, yet 
the glomeruli were severely involved. 

In the tubules of the kidneys of animals which showed these severe glomerular 
lesions beside the hyaline and granular cast mentioned above, red blood cells 
were occasionally found either still discrete and in varying degrees of disintegration 
or consolidated into definite blood casts (Fig. 2). 

Beginning about 3 or 4 days after tlie injection of tlie toxic substance 
reparative processes could be found in the kidneys. 

These consisted of regenerative proliferation of the epithelium of the tubules 
which had been damaged. In the persisting cells, scattered through the region of 
the tubule which was most severely involved, and at the junction of this part with 
portions of the tubule which were relatively undamaged, mitotic figures were fre- 
quent. One such source of new formed cells was regularly found in the collecting 
tubules which were rarely damaged by the toxic agent. Cross sections of these 
tubules showing marked proliferative changes in the epithelium might be found 
scattered among the necrotic tubules of kidneys which had been so severely 
damaged as to show destruction of not only the proximal convoluted tubule but 
of the distal as well. 

The new formed cells could be recognized by their unusual appearance. Their 
nuclei were large, often twice the size of those of the original tubule cell and were 
as a rule oval in shape. Their chromatin was increased in amount and stained 
quite heavily. Such nuclei were both excessive in number and irregularly dis- 
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tributed SO that they formed irregular giant cell-like masses covered vdth proto- 
plasm which projected irregularly into the lumen of the tubule. From such centers 
of proliferation the cells spread out over the denuded membrana propria. These 
new formed cells were found apparently creeping beneath detritis and casts which 
filled the tubule lumen so that in specimens 14 days old the lirung of the tubules 
was found to be completel}' restituted, though the new cells could be still dis- 
tinguished from the regulaily arranged lining of the original epithelium. 

Repair in the glomeruli seems to be a much slower process. The remains of 
the early lesions could still be made out after 14 days, a time when the tubular 
damage had been largely repaired. The more acute process of hj'peremia had dis- 
appeared from the tuft but granular material and fibrinoid substance was stiU pres- 
ent in Bowman’s space. Very occasionally mitotic figures were found in the tissues 
of the tuft, but no definite “chronic” lesions such as organization or definite pro- 
liferation of the tuft tissues were present. 

Potassium Bichromate 

The lesions after potassium bichromate resembled in a general way 
those following the administration of corrosive sublimate. Certain 
minor differences were observed, however, particularly in the early 
phases of the damage or in kidneys that had only been slightly affected. 
The amount of drug given varied from 0.5 to 5 mg. per animal so that 
the dosage varied arormd an average of 5 mg. per kilo. 

In the kidnej's of frogs which were killed within 24 hours after smaller doses or 
in animals which succumbed in 2 or 3 days but whose kidneys were but moderately 
damaged, only the earlier and milder tj^jes of degeneration were found in the 
tubular epithelium. The lumen of the tubule throughout its length was filled 
with granular detritis, the cells showed a cloudy swelling with the presence of an 
occasional pycnotic nucleus, but little evidence of frank necrosis was present. This 
cellular damage, as in the case of corrosive sublimate, was limited to the prorimal 
convoluted tubule. 

In kidneys showing such sUght lesions, the glomeruli, however, were almost 
constantly involved. Granular or fibrinoid material in Bowman’s space with des- 
quamation of the capsrilar epithelium, hyaline thrombosis and occasional small 
areas of necrosis with hemorrhage into the capsular space could be found (Fig. 3). 
In the interstitial tissue hj-peremia was often intense, the capillaries between the 
tubules being crowded with red blood cells. Only a moderate number of casts 
of the hyaline type were present in the distal convoluted tubule and in the collect- 
ing tubules, though granular material was present throughout the entire renal unit. 
Occasionally collections of red blood cells still discrete or partially disintegrated 
could be found in the tubule lumen or were definitely formed into blood casts. 

In more severely damaged kidneys the microscopic picture resembled even 
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more closety that seen after corrosive sublimate, for tubular damage was now 
equally severe, the entire proximal convoluted portion being necrotic and the tub- 
ule transformed into a mass of dead desquamated cells. This damage also spread 
both into the narrow neck and into the distal convolution. The glomerular 
lesions, e.xudation of granular and fibrinoid material, necrosis and hemorrhage, 
were more pronounced and casts of all sorts were present in the lumina of the 
tubules (Fig. 4) . 

Beginning at the third or fourth day regenerative changes in the damaged tu- 
bules were apparent. Their course was similar to that seen after sublimate, large 
irregular masses of epithelium filling the tubule lumen with giant cell-like struc- 
tures. Mitotic figures were frequent among their large oval nuclei (Fig. 5). 
Repair was only slight in the glomeruli and in most cases proliferative changes 
could not be definitely determined. 

The lesions after bichromate poisoning therefore differ somewhat 
from those following the administration of sublimate in that although 
the glomerular damage was equally intense the tubular lesions were 
somewhat slower to develop. In the end, however, they became 
equally severe. 


Uranium Nitrate 

After the administration of from 5 to 10 mg. of the uranium nitrate, 
averaging 15 mg. per kilo, lesions developed resembling those follow- 
ing potassium bichromate more closely tlian those produced by cor- 
rosive sublimate. On account of tins similarity they will be only 
briefly described. 

In cases of mild damage or during the first 24 hours of the development of the 
lesion, the tubules showed only slight evidences of cellular damage such as cloud)’ 
swelling and occasional necrosis. The glomeruli were regularly involved by the 
milder changes which produced an accumulation of protein material in the capsu- 
lar space (Fig. 6). As the poisoning became more severe or the slighter changes 
more fuUy developed, the tubular damage was more pronounced until it equalled 
that seen with potassium bichromate (Fig. 7). It was only occasionally, however, 
that the t)'^pical picture following corrosive sublimate could be obtained, that is, 
a complete destruction of the entire pro.ximal convoluted tubule and the replace- 
ment of it b)^ masses of dead disintegrating cells. The interstitial lesions of edema 
and hyperemia, though present, were also less pronounced. 

In the severely damaged kidney, the appearance is approximately the common 
picture seen after all these toxic agents. The glomeruli were engorged, h}'aline 
thrombi were present, small areas of necrosis of the tuft could be seen and hemor- 
rhage into Bowman’s space (Fig. 8). In the pro.ximal convoluted portion definite 
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necrosis with desquamation filled the lumen of the tubule with debris, and casts, 
both granular and hyaline, were present in the distal convoluted and and col- 
lecting tubules. 

In animals which lived from 4 days to a week the irregular regenerative prolifer- - 
ation of the surviving epithelium in the damaged tubule was very apparent. In 
one animal which was killed 18 days after the administration of the poison the ne- 
crotic material and other evidences of early damage were almost entirely removed, 
only an occasional cast still persisting in the tubules, yet the abnormal condition 
of the proximal convoluted tubule was apparent in the excessive number of atypi- 
cally new formed cells which formed its lining. 

DISCUSSION 

In a general way the lesions produced in the frog’s kidney by potas- 
sium bichromate, corrosive sublimate and uranium nitrate are similar 
and resemble those which have been described as occurring in mam- 
mals. The significance of the differences observed, however, requires 
a brief discussion. 

Of the tubular apparatus, in the frog as in the mammal, it is the 
proximal convoluted tubule which suffers most severely. For the 
latter group this point was first clearly established by Susuki (6) in his 
studies by means of vital staining. Although such special methods 
are required for the recognition of this point in the complex mammalian 
kidney, in the more simply arranged mesonephros of the frog the local- 
ization of the damage m the broad proximal convoluted tubule can be 
easily determined by means of its characteristic morphology and by the 
situation of this segment in the organ. As in the mammalian kidney, 
so too in the frog’s mesonephros this limitation of the damage to a 
restricted portion of the tubule is observed only with small or moder- 
ate doses of the toxic agent. After the administration of large doses 
the damage spreads both toward the glomerulus and into the distal 
convoluted tubule. The straight portion of tubule connecting the 
two convoluted portions is thus involved as well in the lesion and 
though it can hardly be considered a loop of Henle, nevertheless its 
involvement in the spreading lesions is analogous to the fate of that 
structure tmder similar conditions in the mammal. 

It is corrosive sublimate in the frog as in the mammal which pro- 
duces the most extreme picture of tubular damage. We might point 
out, however, that the striking appearances seen after this substance 
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do not necessarily indicate a lesion of any greater severity than that 
which follows potassium bichromate or uranium nitrate where the 
histological picture is less impressive. In both cases the cells are 
killed but after sublimate the coagulation of the debris into massive 
blocks of deeply staining material contrasts with the disintegration of 
the dead cells which occurs after the administration of the other two 
poisons. The possibility of error in the estimation of the quantitative 
relation of the damage in the different forms of poisoning is therefore 
obvious. 

In the effect of these “tubular” poisons on the glomeruli of the 
frog’s kidney differences which at first hand may seem to be significant 
are observed. After all the poisons the glomeruli were regularly and 
definitely damaged. This damage was of equal degree to that seen in 
the tubules; in fact observations were recorded where the glomerular 
lesion was plainly evident in kidneys whose tubules showed very slight 
if any morphological evidence of involvement. The exudation of 
protein into Bowman’s space in both granular and fibrinoid form, 
necrosis and thrombosis in the tuft tissues and hemorrhage from 
ruptured capillaries were regularly present. Such a regularity of 
striking morphological lesions has not been found in the mammalian 
kidney after similar treatment. It is a fact of great importance, 
nevertheless, that such lesions do occur though as a rule they are in- 
constant in occurrence or so slightly developed as to require some at- 
tention for their observation. After corrosive sublimate, both in ani- 
mals and in fatal poisoning in man, it is not unusual to find protein 
material exuded into Bowman’s space, and there is other evidence that 
the vessels throughout the kidney have also been damaged. Oertel (7) 
has emphasized the importance of these changes. Glomerular lesions 
of slight degree such as pycnosis of the nuclei of the tuft cells and the 
occurrence in them of hyaline degeneration have been described by 
Christian and O’Hare (8) as occurring occasionally after uranium 
poisoning. Furthermore the experiments of Wiesel and Hess (9) 
have shown that those glomeruli which may appear normal to mor- 
phological examination after the administration of uranium nitrate are 
in fact severely damaged, for a subsequent injection of adrenalin 
causes their weakened capillaries to burst and produces glomerular 
hemorrhages throughout the kidney. 
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It would seem, therefore, that the glomerular lesions which in 
mammals present only slight or inconstant morphological evidences of 
damage, are regularly observed, well developed and visible to simple 
methods of demonstration in the frog’s kidney. The differences be- 
tween thelesions in the two dassesof animals isonly a quantitative one, 
for qualitatively they are essentially similar. 

The frog’s mesonephros is particularly well suited therefore for the 
study of lesions which remain masked in the complex kidney of mam- 
mals. The importance of this point which forms the basis of our 
entire program of investigation will become increasingly apparent 
as the results of our investigations of nephritis in the frog by other 
methods are given. For this reason it is obviously too early a point in 
our work to discuss either the ‘‘nature” of the changes which are 
obser\'ed in these forms of kidney damage, or to attempt a classifica- 
tion of the toxic substances as either “tubular” or "vascular” since 
but one aspect of the problem, the morphological, has been given. 
The equally important fimctional manifestations of the lesions will be 
next considered. 


SUMMARY 

1. The damage produced by corrosive sublimate, potassium bichro- 
mate and uranixun nitrate in the frog’s kidney is described. 

2. The morphological lesions consist of evidences of tubular damage, 
such as regressive changes in the epithelium, and of damage to the 
glomeruli ranging from increase in their permeability to gross damage 
of and hemorrhage from the tuft. 

3. The point is emphasized that these lesions differ in their degree 
rather than in their nature from those found in the ma mm alian kidney 
after the administration of the same poisons. 

4. The frog’s kidney is exceptionally well suited therefore for the 
study of lesions which though present are masked in the complexities 
of structtue and fimction of the mammalian kidney. 
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EXPLANATION OF PLATES 

Unless otherwise stated the sections of kidnej’’ were stained with Delafield’s 
hematoxjdin and cosine. 


Plate 7 

Fig. 1. Kidney from an animal killed 48 hours after the injection of 5 mg. of 
corrosive sublimate. The section shows the central and dorsal zones (Stewart) of 
the kidne}’’, the glomeruli and distal convoluted tubules lying in the former (upper 
half of section) and the broad proximal convoluted portions in the latter (lower por- 
tion of section). There is some granular material in the capsular spaces of the 
glomeruli. The cells of the proximal segment of the tubule are mostly necrotic 
and desquamated. Clustered around the glomeruli, the distal convoluted por- 
tions still show nuclear staining as do many of the straight portions which connect 
the two convoluted segments. 130 X. 

Fig. 7. Section shows the junction of the central and dorsal zones of the kidney 
of a frog which was killed 72 hours after the injection of 5 mg. of uranium nitrate. 
The capsular spaces of the glomeruli are filled with granular d6bris. There is 
widespread necrosis and desquamation of the epithelium of the pro.ximal con- 
voluted tubule in the lower part of the section, and somewhat less pronounced but 
similar lesions in the distal portion above. 1 30 X . 

Plate 8 

Fig. 2. The central zone of a kidney from an animal killed 72 hours after the 
injection of 1 mg. of corrosive sublimate. The section shows the glomeruli and 
surrounding distal convoluted segments. Although the epithelium of these por- 
tions is fairly well preserved many casts composed of disintegrated and agglomer- 
ated red blood cells are seen in their lumina. 120 X . 

Fig. 3. The junction of the central and ventral zones of the kidney of a frog 
killed 48 hours after the injection of 5 mg. of potassium bichromate. Lighter 
areas of necrosis containing nuclear debris are seen in the greatly swollen glo- 
meruli. In spite of this glomerular damage the sections of tubules in the lower left 
corner, which are the terminal portions of the proximal convoluted tubule, show 
no definite lesions. 140 X . 



JEAN OLIVER AND PEARL SMITH 


193 


Fig. 4. Kidney of a frog killed 72 hours after the injection of 2 mg, of potassium 
bichromate. The section is stained v.nth Mallorj-’s connective tissue stain. 
Only a portion of the central zone of the kidnei' is shown. In this zone the distal 
convoluted tubules are filled with hyaline casts (deep blue) . Covering the glomer- 
ular tuft and extending into it is a layer of fibrinoid material, which also stains 
deep blue rather than red as would true fibrin. 170 X . 

Plate 9 

Fig. 5. Section through the dorsal zone of a kidney of a frog which had been 
killed 120 hours after the injection of 5 mg. of potassium bichromate. Stained 
with iron hematoxj'lin after formalin fixation, a method which does not preser^-e 
the granular elements of epithelium. The lining of the proximal convoluted 
tubule, the only segment shown in the section, is composed of an excessive number 
of large regenerated cells whose nuclei are oval, and irregular in size, shape and 
distribution. A mitotic figure is seen in one of the upper cross sections. 500 X . 

Fig. 6. Section passing through the jimction of the central and domal zones 
of a kidney from an animal which had been killed 72 hours after the administration 
of 5 mg. of uranium nitrate. The capsular space of aU the glomeruli is filled with 
granular exudate. The cells of the distal conA'oluted tubules show moderate 
damage, but much less than the proximal convoluted segments which are not 
shown in the figure. 140 X. 

Fig. 8, Section shows a small portion of the central zone of a kidne}- from a 
frog killed 24 hours after the injection of 8 mg. of uranium nitrate. The sections 
through the distal convoluted tubules show them to be apparently normal. In 
the glomerular space is a recent hemorrhage from the tuft. The nucleated red 
blood cells are still well preserved. 300 X. 
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A STUDY OF THE RELATIONSHIP OF THE SCROTAL 
SWELLING AND RICKETTSLV BODIES TO iUEXICAN 
TYPHUS FEVER 

By M. Rtnz CASTANEDA, M.D. 

{From llie American Eospitai, Mexico City, Mexico, and ihe Departmenl of 
Bacteriology and Immunology, Harvard University Medical School, Boston) 

(Received ior publication, April 30, 1930) 

In the study of tj^phus fever at the present time, etiological investi- 
gation turns to a considerable extent upon whether or not the small 
rickettsia-like bodies described in the scrotal swellings by ^looser can 
be looked upon as the causative agents, or whether they represent 
merely a secondary infection carried along through generations of 
guinea pigs together with the tj^hus virus. 

Some light may be thrown upon this question by the occasional 
strains of Mexican typhus fever in which scrotal swelling does not 
occur for several guinea pig generations and then, for unknown reasons, 
reappears. Such strains have been noted from time to time by our- 
selves as well as others, and the purpose of the present paper is to 
describe the results of guinea pig inoculations in which a number of 
strains taken directly from patients were carried on in series of con- 
siderable length with irregularity in the appearance of srvelling. The 
experiments described deal with a strain isolated at Jilotzingo which 
is spoken of briefly as the “J” strain. 

Appearance of Scrotal Swelling in Guinea Pigs Directly Inoculated from 

Patients 

Table I shows that inoculations from three patients in the same 
epidemic, the blood of each injected into three guinea pigs, resulted in 
positive reactions in all three of the guinea pigs from Patient I ; in 
none of those inoculated from Patient 2 and in only one guinea pig 
inoculated from Patient 3. In only one animal of the four successful 
inoculations — successful as far as fever reaction is concerned — did 
scrotal swelling appear, but it is important to note that the t>*pical 
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swelling in this case was produced directly as the result of inoculation 
with human blood. 

The Frequency of Scrotal Sivclling in Guinea Pigs Inoculated in Series 

with the Strain 

The observations recorded in Tabic II arc important in that there 
was only an occasional scrotal reaction in the guinea pigs inoculated 
up to the si.vth generation. Tlien, for eight generations, from the 
seventh to the fifteenth, the scrotal reaction was absent. After that 
it recurred in two guinea pigs of the sixteenth generation. It was 


T.ABLE I 


Patient 

Guinea pi); 

Itesultr. 

1 

1 

I’cvcr, no swelling 


2 

Fever, swelling 


3 

Fever, no swelling 

2 

4 

No fever or swelling 


5 

No fever or swelling 


6 

No fever or swelling 

3 

7 

No fever or swelling 


8* 

Fever 

j 

9 

No fever or swelling 


Guinea pig 8 was a female, the others being males. 

In this experiment guinea pigs were careful!}' selected to avoid contamination 
with Salmonella, which frequently occurs in Mexico City. 


lost again from the seventeenth to the twentieth generation, and again 
from the twenty-second to the twenty-third, but reappeared in the 
twenty-fourth generation. 

Rickettsia were not found in any of the animals showing swelling 
until the twenty-fourth generation. This we are inclined to attribute 
to the fact tliat we had not yet learned that the rickettsia are difficult 
to find unless the examination is made quite early. At the height 
of the swelling — 4 to 6 days after inoculation — the rickettsia are much 
more difficult to find than when the tunica is examined at the ver}'’ 
first indication of reaction, or even before reaction has become 
manifest. 
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At any rate,, the experiments recorded in the table show that after 
prolonged failure of scrotal swelling, the typical NeUl-Mosser reaction 
with rickettsia can appear, a point that would suggest strongly that 
the rickettsia and the lesion in the tunica vaginalis are truly part of 
the typhus fever and not incidentally carried along. 

Cross Immunity Experiments 

We considered it of some importance also to determine whether a 
typhus fever without scrotal swelling in guinea pigs immunized to 
subsequent inoculation with a Mooser strain which produced swelling 


TABLE n 


Ko. o{ passage 

Material injected 

No. of 
guinea pigs 
;rith tjphus 
fever 

No. of guinea pigs 
with swelling 

RIchettria 

No, of 
guinea pigs 
with no 
swelHng 

1st 

Human blood 


1 

0 

3 

2nd 

Guinea pig blood 


0 


5 

3rd 

Guinea pig blood 


1 

0 

4 

4tli 

Guinea pig blood 


2 

0 

4 

5th 

Guinea pig blood 


1 

0 

3 

6th 

Guinea pig blood 


1 (slight) ' 

0 

3 

7th to 15th 

Guinea pig blood 


0 


24 

16th 

Guinea pig blood 


2 

0 

1 

17 th to 20 th 

Guinea pig blood 

10 1 

0 


10 

21st 

Guinea pig blood 

2 1 

1 

0 

1 

22nd to 23rd 

Guinea pig blood 

4 j 

0 


4 

24th 

Guinea pig blood 

2 * 

1 (early cas- 
trated) 

-f+-b+ 

1 

25th 

Guinea pig blood 

2 

0 


2 


with considerable regularity. Of thirty-three guinea pigs inoculated 
with the “J” strain in this series, only four showed scrotal swelling. 
Nine were unsuccessfully inoculated, showing neither fever nor 
swelling. Twenty, which showed tj’pical fever curves but no swelling 
of the scrotum, were subsequently reinoculated with the tjqjical 
Mooser strain and in no case developed either swelling or fever. 

The nine unsuccessfully inoculated pigs were all reinoculated 
similarly and all of them developed both fever and swelling. 

From these experiments it is dear that a tj'phus fever conveyed 
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by the “J” strain and recovered from without scrotal lesion protects 
against tlie scrotal lesion upon subsequent inoculation with the typical 
Mooser strain. 

This would again indicate tliat tlie scrotal lesion is merely an in- 
cidental localization in some guinea pigs of the disease which is 
immunized against by a general typhus fever, even if in the course of 
the latter this lesion is absent. 


TABLE III 


Guinea pig 

Passage No. 

Fever 

Swelling 

Rickettsia 

a ^ 

2nd 

-t 



b 

3rd 

d- 

-f 

0 

c 

4tli to 15th 

+ 

— 


d 

16 th 

, + 

-1- 

0 

e 

I7th to 20th 

! -1- 

— 


f 

21st 

1 + 

-f slight 

0 

g 

22nd to 24th 

; + 

— 


h 

25th 

+ 

+ 

i 

few extra- 
cellular 


From Guinea pig “li” (2Sth passage) lice were then intrarcctally inoculated with 
tunica by the Weigl method and after 10 days this material was injected into 
guinea pigs with the following results: 


Guinea pig 

Lice Strain. Passage 
No. 

Fever 

Swelling 

Rickettsia 

i 

1st 

-1- 

-1- 

++++ 

j 

2nd 

+ 

-f 

++ + + 

k 

3rd to 5th 

+ 

1 


1 

6th 

+ 

+ 

++ + + 


The Influence upon the Ability of a Strain to Cause Scrotal Szoclling 

after Passage through Lice 

Table III again shows the “J” strain, carried in twenty-five genera- 
tions with frequent absence of scrotal swelling for a number of genera- 
tions, even after the twenty-fifth generation is passed tlirough lice and 
reinoculated into guinea pigs. In the first two generations after 
passage through lice, typical swelling witli abundance of riclcettsia 



IT. RUIZ CASTAIsTEDA 


199 


occurred, then again for tiro generations swelling and rickettsia were 
absent, in spite of typical febrile reactions, to reappear in the sixth 
generation as markedly as they had been present before. 

SUMMARY 

The experiments recorded above have demonstrated the following 
points : 

1. Scrotal swelling can appear in guinea pigs directly inoculated 
from a human case of Mexican tj^ihus fever. 

2. In certain strains of this disease, a number of generations of 
guinea pigs may show absolutely no scrotal swelling, which, however, 
may reappear in subsequent animals, suggesting — though not ab- 
solutely proving — that the scrotal swelling is an integral part of the 
disease and is not due to an incidental accompan^dng organism. If the 
latter were true, one would expect the organisms that caused the 
scrotal swelling to disappear during the negative generations. 

3. A t}q)hus fever sustained by a guinea pig without scrotal swelling 
protects against the swelling upon subsequent inoculation with a 
strain which produces this with considerable regularity. 

4. Louse passage increases the capadty of a strain to produce the 
scrotal lesion, probably because of the considerable accumulation of 
rickettsia in the louse, but in the experiment noted, even after louse 
passage, two generations without swelling occurred, followed by 
reoccurrence of the swelling. 

We believe that these observations, taken together, can be inter- 
preted in favour of the likelihood that the swelling is a part of the 
disease and that the rickettsia-like organisms described by I^Iooser 
in the tiimca vaginalis have etiological significance. 
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rV. Fixation of Foreign Protein at Site of 
Inflammation 

By VALY MENKIN,* M.D. 

{From The Henry Phipps Institute, University of Pennsylvania, Philadelphia) 

(Received for publication, May 14, 1930) 

In the previous papers of this series it was shown that trypan blue 
injected directly into an inflamed area was fixed in situ and failed to 
reach the tributary lymph nodes (1). \^Tien this dye was introduced 
into the circulating blood stream it rapidly entered the inflamed area 
and was fixed there. Subsequent studies showed that the rapid ac- 
cumulation of dye in an inflamed area is the result of increased capil- 
lary permeability (2). These studies were then extended and it was 
found that coUoidal iron or ferric chloride injected directly into an 
inflamed area was fixed in situ by the inflammatory process, and that 
ferric chloride injected intravenously rapidly entered inflamed cutan- 
eous areas, where its presence was identified by both qualitative and 
quantitative detemainations (3). 

The earlier literature on the dissemination of substances from the 
site of injection has been reviewed in previous pubflcalions (1 and 2). 
Opie (4) showed that foreign protein injected into the skin of an 
actively immunized animal is fixed at the site of injection where the 
contact of antigen and antibody causes an acute inflammatory reaction 
(Arthus phenomenon). In view of this work on immunized animals 
and of the results obtained with trypan blue and iron, experiments 
were undertaken to determine whether a readily identified foreign pro- 
tein such as horse serum injected into an area of inflammation caused 
bj’ either bacteria or a sterile irritant would also be retained in situ 
by the inflammatory reaction. 

* Fellow in Medicine, National Research Council. 
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Penetration of Horse Serum into the Blood Stream after Its Injection into 
the Inflamed Peritoneal Cavity 

Horse scnim varying in quantity from 2 to 8 cc. was injected into the peritoneal 
cavit}’- of normal rabbits and of rabbits that had previously been given an intra- 
peritoneal injection of an inflammatory’ irritant. Sterile inflammation was in- 
duced by a mixture of 5 per cent of alcuronat and 3 per cent of starch in 0.5 per 
cent saline solution. This mixture was injected into the peritoneal cavity 24 to 
48 hours prior to the injection of horse scrum. 

Samples of blood were removed from the heart at varying intcr\’als after the 
intraperitoneal injection of horse serum. The blood was centrifugalized and the 
serum tested for horse serum by' anti-horsc-scrum obtained from rabbits repeatedly 
injected with this foreign protein. The blood scrum was diluted bj’ the addition of 

2 cc. of saline to 1 cc. of scrum. Varying dilutions of blood serum in multiples of 

3 were then made from tliis initial dilution. The final tests were performed by the 
addition to 0.7 cc. of saline of 0.1 cc. of the diluted blood serum and 0.2 cc. of anti- 
horse-serum. 

Tables I, II, and III summarize all the experiments by gi\nng tlie 
results of tests for presence of horse serum in tlie blood at varying 
intervals after intraperitoneal injection of the foreign protein. These 
tests serve as a rough measure of the concentration of the antigen in the 
blood serum. A few illustrative experiments follow. 

Experiment 10 . — Rabbit 17 was injected with 4 cc. of horse serum when an 
inflammatory' reaction had been in progress for about 48 hours. Rabbit 8 ser\'ed 
as control receiving 4 cc. of horse serum intraperitoneall.v. The results of tests for 
presence of horse serum in tlie blood 2 hours after its injection appear in Table I. 
The results of tests 6 hours and 24 hours later are shown in Tables II and III 
respectively'. Following the introduction of horse serum into the inflamed peri- 
toneal cavity' its concentration in the blood is conspicuously' less after 2 and 6 
hours than that found after injection into the normal peritoneal cavity'; but after 
24 hours the horse serum in the blood of both animals has the same concentration. 

In the following experiment samples of blood were removed from the 
heart about 6 hours after injection of horse serum into the normal 
and inflamed peritoneal cavity of rabbits. 

Experiment 13 . — 4 cc. of horse serum were injected into tlie peritoneal cavity of 
Rabbit 20. Rabbit 23, in which peritonitis had been induced 24 hours previously, 
received the same amount of horse serum. S-J hours later samples of blood were 
removed from the heart and tested for the presence of horse seriun, as already 
described. The results appear in Table II. 



TABLE I 

Presence of Horse Scrum in the Blood Stream About 2 Hours after Intrapcriioncal Injection 
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TABLE II 

Presence of Horse Serum in the Blood Stream 5 to 7 Hours after Intraperitoneal Injection 
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Animola with normal peritoneal cavity 
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From this experiment it is evident that 5 hours and 30 minutes after 
injection of horse serum into a peritoneal cavity that has been inflamed 
for 24 hours the penetration of the foreign protein into the blood stream 
is delayed. 

A similar experiment in -which the inflammatory proems had been 
going on for 48 hours before the injection of foreign protein follows. 

Experimenl 13 . — Rabbit 21 received 4 cc. of horse senim intraperitoneally; 
5 hours later 3 cc. of blood were removed from the heart. Rabbit 24 was injected 
with the same amount of horse serum 47 hours after receh-ing 10 cc. of the aleuronat 
suspension intraperitoneally. 5 hours after the injection of horse serum 3 cc. of 
blood were withdrawn from the heart. Tests for the presence of horse serum in 
the blood of both of these rabbits jnelded the results shown in Table II. 

It is clear that there has been a definite retardation in the passage 
of the protein after its injection into an inflamed peritoneal ca-vity. 

Samples of blood -withdrawn from the heart 24 to 30 hours after 
injection of horse serum into both normal and inflamed peritoneal 
ca-vities showed in most instances no appreciable differences (Table 

ni). 

Experimenl 4 . — 4 cc. of horse serum were injected into the peritoneal cavity of 
Rabbit 13, 24 hours after aleuronat had been injected into the cavity. 2 hours later 
this animal was bled from the heart. Rabbit 4 which serv'ed as control received 
intraperitoneally 4 cc. of horse serum and was bled 2 hours later. The results of 
this experiment appear in Table I. It is seen that after injection of protein into the 
inflamed peritoneal cavity its concentration in the circulating blood is distinctly 
lower than after injection into the normal caritj-. A second sample of blood was 
removed 25 hours after the injection of horse serum . 

The presence of horse serum in the blood stream 1 day after intra- 
peritoneal injection of the protein is recorded in Table III. Although 
there was delay in the penetration of horse serum into the blood stream 
2 and 6 hours after injection into an inflamed peritoneal ca-vity, the 
concentrations of horse serum in the blood of experimental and control 
animals are now equal. 

The Relcniion of Horse Scrum at the Site of Inflammation 

In the above e.xperimcnts it was shown that when horse senun is 
injected into an inflamed peritoneal ca-vity its passage into the blood 
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Stream is delayed during several Jiours. To determine whether this 
delay is due to retention of the foreign protein in the inflamed peri- 
toneal cavity a series of cxpcrimenls was undertaken to measure directly 
changes in the quantity of liorsc scrum at the site of inflammation, 

10 cc. of 5 per cent alciironat and 3 per cent starch in 0.5 per cent saline were 
injected into tlic peritoneal cavity of rabbits. 2-} to *18 lioiirs later 2 to 4 cc. of 
horse serum were injected into the inflamed peritoneal cavity. Each e.x'pcriment 
was controlled by the injection of the same amount of horse serum into the peri- 
toneal cavity of a normal rabbit. 2 to 5 hours later 10 cc. of saline were injected 
into botli nonnal and inflamed peritonc.al cavities. Tliis was done in order to be 
certain of obtaining a sufiiciently large sample of fluid for the tests. The rab- 
bits were then immediately bled from the heart and the abdomen was opened 
under anesthesia witli ether. The peritoneal fluid was tested for the presence 
of horse serum. A typical c.xperimcnt follows. 

Expcrbuctit 11 . — Rabbit 9 received an injection of 2 cc. horse serum intra- 
peritoneally. 21 hours later 10 cc. of saline were injected into the peritoneal 
cavitj". Immediately afterwards 4 cc. of blood were withdrawn from the heart. 
About 3 cc. of serous peritoneal fluid were obtained. The same tccliniquc was 
followed in Rabbit 18, which had, however, received an intr.apcritoncal injection of 
10 cc. of aleuronat suspension 47 hours before. Tests for the presence of horse 
serum in the blood arc given in Table I. Tests for tlie presence of horse scrum at 
the site of inflammation arc shown in Table IV. 

Essentiall}’’ the same results were obtained in tlie following c.'cperimcnt when 
the horse senim was injected 5 hours previous to the removal of tlie samples of 
blood and peritoneal fluid. 

Experiment 15 . — 4 cc. of horse scrum were injected into the normal peritoneal 
cavitj’- of Rabbit 21; 5 hours later 10 cc. of saline were injected into the cavity 
and immediately afterwards 3 cc. of blood were withdrawn from the heart. About 
1 cc. of serous fluid was then obtained from the peritoneal cavitj'. Rabbit 24 was 
given an injection of 10 cc. aleuronat suspension into the peritoneal cavitj' and 47 
hours later 4 cc. of horse serum. 5 hours later samples of peritoneal fluid and blood 
were obtained as described for Rabbit 21. The tests for presence of horse serum 
at the site of inflammation are shown in Table IV, and in tlie blood stream m 
Table II. 

It is evident from these experiments that there is a greater retention 
of horse serum in situ when tire foreign protein is injected into an in- 
flamed peritoneal cavity than when injected into a normal one. This 
observation is correlated with the delay in the penetration of the pro- 
tein into the blood stream. 

It has been seen (1) that when the inflammatory reaction was in- 



TABLE IV 

Retention of Horse Senim at Site of Inflammation 
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duced in Ihc peritoneal cavity of rabbits the fixation of trypan blue was 
less effective than when the subcutaneous tissue was the site of the 
experimental inflammation. For this reason horse scrum was in- 
jected into an inflamed area on the skin of the abdomen. 

About 0.2 cc. of a saline suspension of Slaphylococctts aureus was injected intra- 
cutaneously. 24]ioursJatcr0.15cc. ofhorseserum was injected directly into the 
inflamed area, which was removed 24 hours later, weighed and cut into small 
pieces. These were thoroughly ground in a mortar with a volume of saline equal 
to 10 times the weight of the dermal area. Tlie c.xtract was centrifugalized at 
rapid speed for about 45 minutes. In the control e.Kperiment 0.15 cc. of horse 
serum was injected into the normal skin of a rabbit and the tissues were c.xtracted 
in saline 24 hours later. The results of two such c,\periments are shown in Table 
IV. 

Retention of the foreign protein is e\ddent 24 hours after its injec- 
tion into an area of cutaneous inflammation. 

These experiments show that like trypan blue and iron, complex 
foreign proteins such as are found in horse serum when injected into an 
inflamed area are retained in situ by the inflammatory reaction and 
penetrate less rapidly into the circulating blood stream than when 
injected into normal tissue. Opie (4, 5), as has been pointed out, 
showed that when foreign protein is first injected into the sldn of a nor- 
mal animal it rapidly leaves the site of injection and enters the cir- 
culating blood. In an animal that has been immunized reinjection 
rvith the foreign protein produces an intense inflammatory reaction 
with necrosis at the point of entry. The foreign protein is fixed at the 
site of injection, and fails to enter the circulating blood. The results 
that the writer has obtained are in agreement with these observations 
and show that an inflammatory reaction (caused in Opie’s experiments 
by the contact of antigen and antibody and in these experiments by a 
sterile irritant) arrests the protein at the point of entry. 

T//e Accumulation of Horse Serum in Inflamed Cutaneous Areas 

Having demonstrated that the penetration of horse serum into the 
blood stream is delayed at the site of inflammation the attempt was 
made to determine whether horse serum injected into the circulating 
blood stream would accumulate in inflamed areas to a greater extent 
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tlian in normal tissue, as had been observed "with trypan blue and 
ferric chloride. 

Areas of cutaneous inflammation were induced by the injection of about 0.2 
cc. of a saline suspension of Staphylococcus aureus into tlic skin of tlie abdomen of 
rabbits. About 3 hours later 10 cc. of horse serum were injected intravenously. 
The animal was killed when the inflammation was of 5 to 6 hours duration. The 
inflamed areas were removed and weighed. They were then cut into thin strips 
and ground in a mortar with a volume of saline equal to twice the weight of the 
tissue. In earlier e.\pcrimcnts tlie extracts were obtained by grinding with 
saline alone, but in subsequent e.xperiments by means of sand and saline. As 
control areas, strips of normal skin from the abdomen of the same rabbit were 
removed and the foreign protein extracted by the same technique as witli the 
inflamed areas. The extracts were centrifugalized at rapid speed for 45 minutes. 
After the top layer of fat was carefully removed, 1 cc. of the extract was drawn off 
with a pipette into a test tube containing 2 cc. of saline. Dilutions of the extract 
in multiples of 3 were then prepared from this first tube. In tlie final test O.I cc. 
of diluted extract was added to 0.2 cc. of anti-horse-serum and the mixture made 
up to 1 cc. witli saline. The final dilutions were kept 1 hour in a water batli at 
38°C. and then placed overnight on ice. Readings were made on tlie following 
morning. The results of all the e.xperiments are shown in Table V. 

In all the experiments there is consistently a greater concentration 
of the foreign protein in inflamed than in normal tissue. These 
results are therefore similar to those obtained with trypan blue 
and with ferric chloride. The accumulation of foreign protein in 
inflamed tissue is doubtless in part the result of the increased passage 
of fluid from the circulating blood stream, but obsen^ations recorded 
above indicate that its escape from the site of inflammation is re- 
tarded. 

Some years ago Auer (6) showed that if the ear of a rabbit immun- 
ized with horse serum is painted with xylol, reinjection of the antigen 
causes in the affected ear an intense inflammatory reaction followed by 
necrosis. No such severe reaction was seen when x3':lol had been 
applied to the ear of a normal rabbit after a single injection of horse 
serum. In view of the observations on the accumulation of foreign 
protein in inflamed areas it is highly probable that the reaction in 
Auer’s experiment is simply the result of an accumulation from the 
circulating blood stream of antigen and antibod}'' in the inflamed ear of 
sensitized animals; the contact of antigen and antibod}' in the tissues 
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causing an acute inflanunator)’^ reaction and intensif^dng thus the mild 
reaction caused by xylol alone. 

A few years ago Opie (personal communication) repeated the experi- 
ments of Auer with crystalline egg albumin and instead of appljdng 
xylol as an infl amm atory irritant, he dipped the ear of the experimental 
animal into water at S0°C. for 5 minutes. On the following day 
crystalline egg albiunin was injected into the peritoneal cavity of the 
animal. Several days later necrosis of the inflamed ear was observed 
in many instances. 

Experiment 31 . — Rabbit 30 received 5 injections of 1 cc. horse serum adminis- 
tered subcutaneously at 5 to 6 day intervals. 19 days after the last injection 10 
cc. of horse serum were injected into the peritoneal cavity. 1 hour later an ear of 
this animal was rubbed lightly for a minute with a pledget of cotton soaked in 
xv'lol. 2 days later the ear showed only a very mild reaction. It was then placed 
in water at 54’C. for 5 minutes. It immediately flushed. 10 cc. of horse serum 
were then reinjected into the peritoneal cavit>% 24 hours later the ear was veiy 
much congested and edematous, revealing a pronounced inflammatoiy reaction. 

The animal was etherized and bled to death. The inflamed and the normal ear 
were removed. The weight of the inflamed ear was 13.5 gm. and of the normal ear 
5 gm. Each ear was then cut into thin strips and ground separately in a mortar 
with a volume of saline equal to its own weight. The e.rtracts were then centri- 
fugalized at rapid speed for 40 minutes and the supernatant fluid tested for the 
presence of horse serum. As control to this experiment, Rabbit 3 1 , which had not 
been sensitized to the foreign protein, was treated in the same manner as Rabbit 
30. The results of this experiment are shown in the following table: 


Dilutions of skin 
extract 

Xnunuiilzed Kabbit 30 

Normal Rabbit 31 

Normal ear 

Inflamed ear 

Normal car j 

Inflamed ear 

1:3 

++ 

+++ 

Trace j 

% 1 

1:9 

Trace 


Faint trace j 

-t. 

1:27 

0 

+ 

0 

Faint trace 

1:81 

0 

a- 

0 

0 

1:243 f 

0 

0 ' 

0 

0 

1:729 

0 

0 

0 

0 

l:21S7 

0 

0 

0 

0 


MTien .xj-lol alone was used as the inflammatoiy irritant, essentially the same 
results were obtained. 

Experiment 32 . — Rabbit 32 received 5 injections of 1 cc. horse serum adminis- 
tered subcutaneously at 3 to 5 day iatercals, 5 days after the last injection iO cc 
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of horse serum ^fcrc injcclcrl into tlic peritoneal cavity. 1 ], hours later the right 
car was rubbed gently with 2 cc. of xylol for about 2 minutes. The application of 
xylol was repeated twice in the next 2 hours at 1-hour intervals. 2-1 hours later 
the ear was mildly edematous and congested, with a few blisters. 

The animal was killed under ether and both cars were rcmo\’ed. The weight 
of the inflamed car was 3.7 gm. and of the normal car 2.2 gm. Each car was cut 
into thin strips and ground separately in a mortar with a volume of saline equal to 
twice its own weight. The extracts were tlicn centrifugaliaed at rapid speed for 
l ?r hours. After being filtered, tlic supernatant fluid was tested for the presence 
of horse serum. The samples containing the extract in a dilution of 1 to 3 were 
not read owing to slight cloudiness in the control tubes in which anti-horsc-serum 
was absent. As control to this c.vperiment, Rabbit 33, which had not been sensi- 
tized to the foreign protein, was treated in the same manner as Rabbit 32. The 
results of this c.\pcriment arc shown in the following table: 


Dilutions of sWn 
extract 

Immunized Rabbit 32 

Normal Rabbit 33 

Normal car 

Inflamed ear 

Normal car 

Inflamed car 

1:3 



+ 

++ 

1:9 

+ 

+ + 

+ 

+ + 

1:27 

Faint trace 

+ 

0 

+ 

1:81 

0 

Trace 

0 

Faint trace 

1:243 

0 

0 

0 

0 

1:729 

0 

0 

0 

0 

1:2187 


0 1 

0 

0 


These experiments show that horse serum accumulates from the 
circulating blood in the inflamed ear in greater concentration than in 
the normal ear. The severe inflammatory reaction in the ears of the 
sensitized animals in the experiments of Auer, when the same antigen 
was reinjected, was doubtless due to tlie accumulation and contact in 
the inflamed tissues of antigen and antibody from tlie circulating 
blood. 

It is possible that the phenomenon of focal reaction in tuberculosis 
can be explained by the observations reported in tliis paper. When 
tuberculin is introduced into the blood stream of an animal with a 
tuberculous lesion, an intense inflammatory reaction may develop m 
the lesion. The mechanism of tliis focal reaction in tuberculosis is not 
understood. It is conceivable in view of the above experiments with 
horse serum that in a like manner tuberculo-protein may accumulate 
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from the blood stream in the inflamed tuberculous lesion and by its 
presence there induce a local inflammatory reaction. 

CONCLUSIONS 

Foreign protein such as horse serum injected into an inflamed peri- 
toneal cavity penetrates into the blood stream less rapidly than when 
introduced into the normal cavity. 

Foreign protein injected into a cutaneous inflammatory area is held 
in siiu for a longer period than when injected into an inflamed peri- 
toneal cavity. 

Foreign protein introduced into the circulating blood stream accum- 
ulates in an inflamed area, where it is found in greater concentration 
than in normal tissue. 

Accumulation of foreign protein at the site of inflammation e-vplains 
the phenomenon of local anaphylaxis described by Auer in rabbits 
sensitized to horse serum. The antigen accumulating in the inflamed 
ear reacts with antibody, intensifies a pre-existing inflamm atory reac- 
tion and produces necrosis of the ear. 
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SUSCEPTIBILITY OF RABBITS TO INFECTION BY THE 
INHALATION OF TYPE H PNEUMOCOCCI 


By ERKEST G. SlILLMAN, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, April 21, 1930) 

In preceding papers (1) it has been shown that following inhalation, 
virulent Type I pneumococci generally disappear from the lungs of 
rabbits within a few hours, only to reappear later in certain instances 
in which a general septicemia occurs. It has further been shown that 
some animals ma}”- recover from a T>^e I pneumococcus septicemia. 
Rabbits are, nevertheless, very susceptible to infection by Tj'pe I 
pneumococci. In order to determine how they would react to less 
virulent strains of pneumococci, Type H pneumococcus was selected. 
Three different strains of Tj^e H were used. One strain was con- 
verted into the “R” form, by repeated transfers in Tj’pe II anti- 
pneumococcus serum. The changes from the “S” to the “R” form 
are accompanied by loss of capsule, type specificity, and virulence for 
mice. This strain is designated Pneumococcus HR and is avirulent 
for rabbits. The original Pneumococcus Type H strain is designated 
Pneumococcus Type H (SAv). An intraperitoneal injection of 0.1 
cc. of a broth culture of this stock strain is necessary to kill rabbits. 
It was rendered rabbit virulent by rapid passage. This virulent 
strain, called Pneumococcus H (Sv), regularly kills rabbits following 
intraperitoneal injections of 0.000,01 cc. 

In the present paper are reported (1) the distribution of pneu- 
mococci in the organs of rabbits following exposures to repeated in- 
halations of the above mentioned strains. (2) the occurrence of posi- 
tive blood cultures, and (3) the mortality of the rabbits e.xposed to 
each of the above mentioned strains. 

Method 

The rabbits were placed in a large spray chamber similar to that already de- 
scribed (2) and exposed to a spray of pneumococci. ISO cc. of an IS hour broth 
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culture was used for each spraying. The animals were c.xposccl at 10 day inter- 
vals. Before each spraying, a sample of blood was obtained by bleeding the ani- 
mal from the ear vein. At dail}' intd^'als after the first spraying, bood cultures 
were taken from a few of the rabbits. In the case of the animals which were 
killed and autopsied, broth cultures were made from both sides of tlie heart, and 
small pieces of the periphery of both lungs, kidney, liver, and spleen were placed 
directly in tubes of broth. Heart’s blood cultures alone were made from the 
rabbits which died. All cultures were plated on blood agar for further identifica- 
tion. The animals tliat were killed were first chloroformed, immersed in a solu- 
tion of Ij'sol, and autopsied with sterile instruments. 



Text-Fig. 1. Distribution of HR pneumococci in organs following spray- 
ing. The black squares indicate organs in which cultures showed pneumococci 
to be present, the cross-hatched squares represent organs in which cultures re- 
mained sterile, “c” = contamination. 

Distribution of Dncnmococci HR in the Organs 

In Text-fig. 1 is shown the distribution of HR pneumococci in, 
the organs of 44 sprayed rabbits which were killed at intervals after 
spraying. One to 6 hours after spraying pneumococci were only re- 
covered from the periphery of the lungs in less than half of the ani- 
mals sacrificed within the first 3 hours. Pneumococci were never 
recovered in this group from the liver, spleen or kidney. The heart’s 
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blood cultures from these animals remained sterile. Of the remaining 
20 rabbits killed from 1 to 5 days following exposure, pneumococci 
were only recovered from 2 rabbits killed on the 4th day. In one of 
these rabbits pneumococci were recovered from the liver, kidney and 
spleen and in another only from the kidney. This experiment shows 
how readily rabbits destroy the non-virulent R-forms of pneumococcus. 
These organisms were never recovered from the blood, rapidly dis- 
appeared from the lungs, and were rarely recovered from other viscera. 

Daily blood cultures were taken from 7 rabbits following their first 
exposure to a spray of Pneumococcus HR. During the 10 days 
period of observation in no instance were pneumococci recovered 
from the blood. 

In aU, 17 rabbits were exposed to from 3 to 10 inhalations of avir- 
ulent Type ITR pnemnococd. Eight rabbits completed the course 
of 10 exposures. No rabbit became infected, 

DislribuHon of Pneumococci Type II (SAv) in the Organs 

In Text-fig. 2 is shown the distribution of the slightly virulent 
Pneumococci Type 11 (SAv) in the organs of 44 sprayed rabbits which 
were killed at intervals after spraying. It will be seen that pneu- 
mococci were recovered from the lungs of 3 of the 4 rabbits killed in 
1 hour and that although the heart’s blood cultures remained sterile, 
in one instance pneumococci were demonstrated in the culture from 
the spleen. After the 1st horn:, however, the pneumococd were only' 
recovered from the lungs in 3 instances. Of the remaining 20 rabbits 
killed from 1 to 5 days following exposure, 1, or 5 per cent, showed a 
general pneumococcus septicemia on the 2nd day. Although in the 
other rabbits pneumococd were not recovered from the lungs, in 2 
instances the liver and kidney contained organisms and the spleen 
was positive in 1 rabbit. From the left heart’s blood of one of the 
rabbits killed on the 5th day a positive cultmre was obtained but the 
culture of the right heart and spleen of this animal remained sterile. 
This e.\periment shows that a few rabbits may develop a generalised 
septicemia following inhalation of the slightly’ virulent Pneumococcus 
Type n (SAv). 
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Text-Fig. 3. Distribution of Tjt'pc II (Sv) pneumococci in organs following 
spraying. The black squares indicate organs in which cultures showed pneu- 
mococci to be present, the cross-hatched squares represent organs in which cultures 
remained sterile, “c” = contamination. 


TABLE II 

Days on Which Positive Blood Cultures Were Obtained Following a Single Exposure 

to a Pncumocoecus I! (Sv) 


1 

Rabbit 

No. 

Days 

Course 

1 i 

2 

3 

■9 

5 

n 

m 

s 

9 

10 

1 

1 

H 

H 


C 

+ 

+ 

■ 

■ 

B 

Died Sth day 

2 

— 


B 


— 

— 




B 

Survived 

3 

c 

B 

B 


— 

1 

— 

B 

B 

B 


4 

— 




— 

— 

— 

B 

+ 



5 

— 

B 

B 


— 

— 

— 

c 

— 


« 

6 

+ 

+ 

1 + 
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' Died 4th day 

7 

a 

— 

— 

! 

— 

— 

_ 

1 

— 
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Survived 

8 

o 

c 

+ 

C 

— 

— 

— 

! _ 

— 

— 
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B 

— 

— 

— 

— 

— 

— 
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— 

it 
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c 
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— 

— 

— 

— 

— 

— 

— 

it 

11 


1 

+ 

+ 

— 

j 

— 


-- 

— 

i( 


+ indicates a positive culture of pneumococcus; — = a sterile culture; and 
"c” = a contaminated culture. 
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As is seen from Table II, of the 6 rabbits which developed septicemia 
2 or 18 per cent continued to have a positive blood culture until death. 
The other 4 rabbits had merely a transient septicemia and survived. 
In some instances, the septicemia could be detected during the first 
24 hours, but in others the organisms were first recovered as late as the 
6th or 9th day. 


TABLE nr 


Fale oj Rabbits* after One to Ten Exposures to InJtalalion of Rabbit Virulent Type II 

Pneumococcus 


No. of times 
exposed to virulent 
pneumocoed 

No. of rabbits 
exposed 

No. d>ing 

Pneumococcus 
recovered from 
heart’s blood 

Pneumococcus 
not recovered from 
heart’s blood 

1 

so 

14 

12 

2 

2 

36 

1 

— 

1 

3 

34 

2 

1 

1 

4 

30 

1 

— 

1 

5 

26 

2 

1 

1 

6 

24 

2 

1 

1 

7 

21 

— 

— 

— 

8 

17 

1 

— 

1 

9 

17 

— 

— 

— 

10 

16 

1 

1 

— 


*' The discrepancy between the total numbers and the sum of the numbers in 
the individual groups is due to the fact that certain of the animals that survived 
were used for intraperitoneal tests or for other experiments. 


Mortality of Rabbits Following Exposure to Inhalation of Pneumococcus 

Type U (Sv) 

Table III shows the number of normal rabbits which succumbed 
during the course of spraying with rabbit virulent Pneumococcus 11 
(Sv). From this table it is seen that out of 50 rabbits 15 or 28 per cent 
died following the first exposure. Pneumococci were recovered from 
the heart’s blood in 12 instances. Out of the total of 24 rabbits which 
died, in 16 instances the orgam'sms were recovered from the heart’s 
blood, and the cultures remained sterile in the other 8. Although care 
was e,\ercised to open the spraj^ bo.xes promptlj' 1 hour after sprajing, 
these animals probably died of suffocation. This table further shows 
that the greatest number of deaths occur after the first e.xposure. It is 
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difficult to explain, however, how some rabbits which have successfully 
survived 5, or even 9, exposures finally become infected. 

The interval elapsing between the time of spraying and death from 
pneumococcus septicemia is shown in Table IV. From this it is seen 
tlaat there is great irregularity in the time of death following the initial 
exposure. In fact 4 rabbits only succumbed on the 10th day. It is 
interesting to observe that in rabbits wliich had survived the first 
exposure, infection was delayed and death occurred from the 7th to 
10th day after sprajnng. 

In no instance was there any gross c\ndcncc of pneumonia, although 
serous and serofibrinous pleurisy and serofibrinous pericarditis were 
common. 


TABLE TV 


Number of Days Elapsing between Spraying and Death of Rabbits from Pneumo- 
coccus Type II (Sv) Septicemia 



DISCUSSION 

From the foregoing experiments it appears that the susceptibility 
of rabbits to infection following inhalation of the same type of pneu- 
mococcus is in direct proportion to the virulence of the strain used. 

The non-virulent HR pneumococci may be recovered from the 
peripheryof the lungs for a period of 3 hours after spra3nng. After this 
time they are only occasionally recovered from any part of the body. 
The slightly virulent Type II (SAv) and virulent Type II (Sv) may 
likewise be recovered from the lungs for a few hours follo^ving exposure. 
But in the case of the more virulent strains, there appears to be an 
almost immediate general dissemination of the organisms throughout 
the body, as is evidenced by the recovery of pneumococci from the 
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spleen. The organisms then disappear from the blood only to reap- 
pear after 48 hours. This reappearance is often in the form of a 
septicemia. The same phenomenon was noticed in the case of rabbits 
sprayed with ^drulent Type I pneumococci. It is unfortunate that 
the subsequent penetration of the inhaled pneumococci into the pul-‘ 
monary tissues cannot be followed. But the great number of other 
organisms which normally inhabit the bronchi of rabbits, as Jones C^) 
has shown, renders cultural studies of the lungs difficult. Histological 
detection of pneumococci in the tissues is also unreliable when the 
organisms are present only in small numbers. 

In aU probability the majority of the organisms are destroyed either 
where they are ffist implanted or deeper in the lung tissue by the endo- 
thelial leucocytes or by poly-morphonuclear leucocj'tes. In any case, 
a few organisms occasionally filter through into the blood stream. 
GaskeU (4) believes that invasion of the blood stream by pneumococci 
probably always takes place in the early stages of an air-bome infec- 
tion of the lung. The actual invasion of the blood stream must be 
much more common than is generally supposed. Not only are there 
probably few organisms free at any one time in the circulating blood 
but these few bacteria may even be within leucocjries and not in 
reality multipljdng in the blood. 

The occasional organisms which reach the blood are probably rapidly 
filtered out of the blood stream by the organs and locally destroyed. 
It is evident, however, that following the apparent disappearance of 
the pneumococci from the periphery of the lungs, thej’' again appear, 
this time in the blood, and as a result may be recovered from all the 
organs. The point of this reinvasion is as yet uncertain. 

The results of the blood cultures taken following the initial sprajdng 
parallel the distribution of pneumococci in the rabbits which were 
sacrificed. The cultures from the rabbits sprayed with avirulent 
degenerated non-Airulent “R” forms pneumococci remained sterile; 
an occasional positive culture was obtained from the animals exposed 
to the slightly virulent Tj’pe 11 (SAv) organisms but no animals suc- 
cumbed. Only in the case of the rabbits e-xposed to inhalations of 
rabbit virulent Tjpe II (Sv) pneumococci did the more susceptible 
rabbits die of an ovemhelming septicemia. But some rabbits were 
even able to overcome the septicemia following e.xposure to this rabbit 
\’irulent strain. 
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FolIoAving the initial sprajnng with a liighly rabbit virulent Type II 
(Sv) pneumococcus the majority of susceptible rabbits died of an over- 
whelming septicemia without an}' attempt on the part of the body to 
localize the infection. 


SUMMARY 

1. The susceptibility of rabbits to inhalations of pneumococci 
varies in direct proportion to the \'irulence of the organism for rabbits. 

2. When rabbits are exposed to a pneumococcus spray, irrespective 
of the virulence of the organism, the bacteria readily penetrate into 
the lower respiratory tract. 

3. When rabbits are exposed to a spray of avirulent degenerated 
"R” form of pneumococcus, septicemia docs not occur and pneumo- 
cocci are seldom recovered from the liver, kidney or spleen. 

4. When rabbits are exposed to a spray of slightly virulent Pneu- 
mococcus Type II (SAv) a non-fatal septicemia may occur and pneu- 
mococci may be recovered from the liver, kidney and spleen. 

5. When rabbits are exposed to a spray of \nrulent T}'pe II (Sv) 
pneumococci, septiceirda may occur which in certain instances 
terminates fatally. Pneumococci may also be recovered from the 
liver, kidney and spleen. 
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DEVELOPMENT OF AGGLUTININS AND PROTECTIVE 
ANTIBODIES IN RABBITS, AFTER INHALATION OF 
TYPE n PNEimiOCOCCI 

By ERNEST G. STDXMAIs^ M.D, 

{From the Lahoralories of The Rockefdler Insiiiuie for Medical Research) 
(Received for publication, May 9, 1930) 

In 'preceding papers (1) it has been shown that mice and rabbits 
may acquire a high degree of immunity, following repeated inhalations 
of living pneumococci. In this work it was shown that the strain of 
Type I pneumococcus used produced a high mortality among the 
e.xposed rabbits and that many of the survivors have agglutinins and 
protective antibodies in their serum. In the present study it seemed 
interesting to determine the immunity response to less virulent strains. 
For this purpose a Type n pneumococcus was used. Pneumococcus 
Type n, however, is relatively avirulent for rabbits. One strain was 
transformed into the “R” form by repeated transfers in antipneumo- 
coccus Type n serum. The changes to the “R” form are accompanied 
by loss of capsule, type spedfidty, and virulence. This strain is 
referred to as Pneumococcus HR. The stock culture of Pneumococcus 
Type H would cause a fatal septicemia in rabbits when injected intra- 
peritoneaUy in doses of at least 0.1 cc. This strain is called Pneiuno- 
coccus Type H (SAv). By repeated animal passages the virulence of 
this strain was raised so that an intraperitoneal injection of 0.000,01 cc. 
of broth culture would regularly kill rabbits. This virulent culture is 
designated as Pneumococcus Type H (Sv). 

It has already been shown that rabbits are only susceptible to fatal 
infection by inhalations of virulent Type H pneumococd (Sv) (2). 
Although pneumococcus septicemia may be caused in an occasional 
rabbit following inhalation of the slightly virulent Pneumococcus 
Type n, death does not ensue. In the present paper is reported the 
development of (1) agglutinins and (2) protective antibodies in 
the blood serum of rabbits following repeated inhalations of aviru- 
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lent HR, slightly virulent Type II (SAv), and virulent Type II (Sv) 
pneumococci. 

Method 

Rabbits were placed in a large spray chamber similar to that already described 
(3) and exposed to a spray of pneumococci. 50 cc. of an 8 hour broth culture were 
used for each spraying. The animals were exposed at 10 day intcr\’’als. Before 
each spraying, a sample of blood was obtained from the ear vein of each animal. 
None of the normal rabbit sera contained agglutinins nor did tlic normal sera pro- 
tect mice against intraperitoneal injections of 0.000,001 cc. of T3'pc H pneu- 
mococcus, 

10 da 3 fs after each exposure the presence of agglutinins in the scrum of exposed 
animals was determined by a modified thread reaction. To 1 cc. of rabbit serum 
diluted in normal salt solution was added 0.2 cc. of an actively growing brotli cul- 
ture of Pneiunococcus Type II. The tubes were incubated for 2 hours in the 
water bath at 37°C., placed in the ice box overnight, and the reactions read the 
next morning. Agglutinins were recorded as present in the scrum only when tlic 
reactions were positive in a dilution of at least 1:10. 

The presence of protective antibodies in the blood of the sprayed rabbits was 
determined by the ability of 0.2 cc. of serum to protect white mice against intra- 
peritoneal injection of 0.001 cc. of Pneumococcus T 3 'pc II culture, of which 
0.000,001 cc. killed a normal mouse within 48 hours. The rabbit serum and cul- 
ture were administered simultaneous^. 

Pneumococcus HR 

Of the 17 rabbits which were sprayed from 1 to 10 times with "R” 
forms derived from Type II pneumococcus none died from pneumo- 
coccus septicemia. Not even the 8 rabbits which were exposed 10 
successive times developed any demonstrable agglutinins for T}^e 
II pneumococcus. 

Neither did the sera of any of these rabbits protect mice against 
intraperitoneal injections of 0.001 cc. of a virulent culture of Pneumo- 
coccus Type II. As is seen from Table I the sera of these 5 animals, 
however, showed evidence of slight protection as demonstrated by the 
presence of a low degree of protective antibodies. Even the slight 
amount of protection afforded by these sera is not constant. 

Pneumococcus Type II {SAv) 

Of 11 rabbits sprayed from 1 to 10 times with the slightly virulent 
Pneumococcus Type II (SAv), none died from pneumococcus septi- 
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cemia. Not even the 8 rabbits -which had completed the whole course 
of 10 exposures developed any demonstrable agglu tin i n s for Type 
n pneumococcus. 


TABLE I 


First Appearance and Degree of Protection FoUoming Repeated Exposure to 

Pneumococcus HR 
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Text-Fig. 1. Comparison of presence of protective antibodio and agglutinins 
in rabbits following repeated inhalations of slightly -linilent Type II (SAv) pneu- 
mococci. 

per cent of rabbits showing agglutinins in serum following spraying. 

per cent of rabbits showing protective antibodies in their serum. 
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AGGLUTININS AND PROTECTIVE ANTIBODIES 


Protective Antibodies 

In Table II is shown the number of rabbits which were repeatedly 
sprayed from 1 to 10 times with Pneumococcus Type II (SAv) an(;i 
the number thus exposed of which the serum subsequently protected 
mice against intraperitoneal injection of 0.001 cc. of a virulent culture 
of Type II pneumococcus. From this table it is seen that protective 
antibodies were demonstrable in the sera of 1 of the rabbits after the 
1st spray. Following each successive spraying, the percentage of 


TABLE n 

Nimher of Rabbits Exposed to Pneumococcus II (SAv) and Number Yielding Scrum 
Which Protected Mice against 0.001 Cc. of Pneumococcus Type II 


No. of c.xposures 

1 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

No. of rabbits 

11 

10 


10 

10 


10 

10 

9 

S 

“ “ “ whose serum protected. 


1 

4 1 

5 

4 

6 

6 

9 

S 

7 

Per cent of rabbits whose serum pro- 
tected 

1 

1 

10 

i 

40 

1 


40 


60 

90 

8S 

87 


TABLE III 

First Appearance of Protective Antibodies in the Scrum of Rabbits 
Exposed to Inhalation of Pneumococci Type II (J/tv) 


No. of spr.iy 

■ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

No. of rabbits showing protective an- 
tibodies 

1 

■ 

3 

1 

1 

1 

1 

1 

— - 

— 


rabbits showing protection steadily increased, until after the Sth 
spraying the serum of 90 per cent of the animals conferred passive 
protection on mice against at least 1000 lethal doses of virulent cul- 
tures. The development of protective antibodies is graphically shown 
in Text-fig. 1. The exposure following which tlie rabbit sera first 
protected mice is shown in Table III. From this it is seen that with 
each successive spray the number of rabbits in the sera of which protec- 
tive antibodies were demonstrable progressively increased. Certain 
rabbits showed protective antibodies only after the 7th or Sth exposure. 
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Pimimococciis II (Sv) 

Of 50 rabbits sprayed from 1 to 10 times with the virulent strain of 
T37pe n (Sv) pneumococcus, 12 or 24 per cent died of pneumococcus 
septicemia after the first exposure. As the more susceptible animals 
succumbed early, serum was obtained only fromrabbits with the greatest 
natural resistance, individuals which had also acquired a certain degree 
of immunity, as the result of repeated exposures to live pneumococci. 


TABLE IV 

Rdalion oj Dendopment of Aggluliuim to the N timber of Exposures to Rabbit Virulent 

Pneumococcus II (Sv) 


No. of exposures 

B 

B 

B 

4 

S 

! ® 

7 

s 

9 

10 

No. of rabbits 

38 

34 

32 

29 

23 

22 

21 

D 

16 

la 

“ “ “ showing agglutinins 

Per cent of rabbits showing aggluti- 

3 

3 

2 

2 

1 

2 

2 

|n 

2 

1 


nins 

7 i 

8 

6 

6 

4 

9 

9 


m 



TABLE V 

First Appearance and Titre of Agglutinins Following Repeated Inhalations of Rabbit 
Virulent Pneumococcus Type II (Sv) 


Folloariiu; exoosure: . . . . 

I 

2 

3 

4 

s 

6 

7 

8 

9 

10 

Rabbit 1 











“ 2 

1-10 

1-10 



1-10 



l-IO 

1-10 


1-40 

1-40 

“ 3 

1-101-50 

1-200* 








“ 4 

— 

iQglljglll 

1-50 

1-40 

I-IO 

1-10 

I-IO 

1-10 

1-10 


— , no agglutinins demonstrable in serum. 

* Accidental death of rabbit follouing 3rd exposure. 


In Table W is shown the number of rabbits which were spraj’^ed 
from 1 to 10 times whose serum showed agglutinins in dilutions of at 
least 1 to 10. From Table W it is seen that 3 or 7 per cent of the 38 
rabbits which survived the first e.xposure developed demonstrable 
agglutinins. 

Only 4 rabbits developed agglutinins. In Table V are shown the 
e-vposures after which agglutinins first appeared and the titre of agglu- 
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AGGLUTININS AND PROTECTIVE ANTIBODIES 


tinins following each subsequent spraying. Three rabbits showed 
agglutinins after the first exposure. Following the initial appearance 
of tlie agglutinins there is a tendency for the titre to rise after subse- 
quent exposures. But in one instance the agglutinins disappeared, 
and in another became less marked. 

Protective Antibodies 

In Table VI are shown the number of rabbits that were sprayed from 
1 to 10 times with rabbit virulent Pneumococcus II (Sv) and the num- 


TABLE VI 

Number of Rabbits Exposed to Rabbit Virulent Pneumococcus Type II {Sv) and 
Number That Dciieloped Protective Antibodies in Their Serum 


No. of exposures 

i 

2 

3 

4 

s 

6 

7 

8 

9 

to 

No. of rabbits 


34 

32 

29 

m 

22 

21 

B 

16 

15 

“ “ “ whose serum protected. 


7 

7 

7 

H 

4 

4 

IS 

6 

8 

Per cent of rabbits whose serum pro- 
tected 

10 

20 

21 

24 

fl 

IS 

29 

35 

37 

53 


TABLE Vn 

First Appearance of Protective Antibodies 


No. of spray 

1 

2 

3 

4 

s 

6 

■ 

8 

9 

to 

No. of rabbits first showing protective 
antibodies 

6 

1 

■ 

1 

e 

e 

■ 

1 

1 

3 


ber thus exposed the serum of which subsequently protected mice 
against intraperitoneal injections of 0.001 cc. of a virulent culture of 
Type II (Sv) pneumococcus. From this table it is seen that protec- 
tive antibodies were demonstrable in the sera of 4 or 10 per cent of the 
rabbits after the 1st spray. Following each successive spraying the 
number of rabbits yielding serum which conferred passive protection 
increased, until after the 10th spraying the serum of 8 or 53 per cent 
of the animals conferred passive protection on mice against at least 
1000 lethal doses of virulent culture. The spray following which the 
sera first protected mice is shown in Table VII. 
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From Table VTI it is seen that after the 1st exposure the sera of 6 
rabbits showed protective antibodies. After successive sprays an 
occasional rabbit would first show protective antibodies. Protective 
substances were first demonstrated in the sera of 3 rabbits only after 
the 10th exposure. 


TypelfjiCS) 
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Text-Fig. 2. Comparison of mortality and presence of protective antibodies 
and agglutinins in rabbits foUorring repeated inhalations of virulent Type II (Sv) 
pneumococci. 

per cent of rabbits dying with pneumococcus septicemia following 
successive sprayings. 

per cent of rabbits showing agglutinins in serum following spraying. 

— — ~ per cent of rabbits showing protective antibodies in their serum. 


Corrdalion of Agglulitiins and ProiecHve Antibodies 

It is dfficult to compare the relative titre of the sera at any one time 
because of the difference in the standards used. WTiereas agglutinins 
were recorded as positive if present in serum concentration of 1 : 10, pro- 
tective antibodies were noted only if they were present in concentra- 
tions sufficient to protect mice against a 0.001 cc. of virulent pneumo- 
coccus culture. If smaller doses of pneumococcus had been used, the 
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presence of protective antibodies would undoubtedly have been de- 
tected earlier and the incidence of their occurrence would have been 
more frequent. However, when tliese antibodies were demonstrable 
under the conditions of tliis experiment, their presence was evidence 
of the capacity of the serum to confer a high degree of passive im- 
munity on mice. 

In 3 instances both agglutinins and protective antibodies occurred 
after the same spray; in another rabbit, yielding serum tliat contained 
agglutinins, protective antibodies appeared after the next exposure. 
In 9 instances protective antibodies occurred without demonstrable 
agglutinins in the serum and the sera of 7 rabbits, even after 10 expo- 
sures, contained no agglutinins or protective antibodies even sufficient 
to protect mice against 0.000,001 of a virulent Type II pneumococcus. 

The relative occurrence of agglutinins and of protective antibodies 
in the serums of rabbits following inhalations of rabbit virulent strain 
of Type II (Sv) pneumococcus is graphically shown in Text-fig. 2. 
In this figure the mortality curve of rabbits dying from pneumococcus 
septicemia is also given. It is seen that after the 1st e-xposure 24 per 
cent of the rabbits died from pneumococcus septicemia. An occa- 
sional rabbit died following subsequent e.xposures. The sera of the 
rabbits dying after the 3rd, 5th and 6th exposures showed neither 
agglutinins nor protective antibodies. The serum of the rabbit dying 
after the 10th spray, however, protected mice against 0.01 cc. of pneu- 
mococcus culture. It is unfortunate that it is not kno^vn if the pneu- 
mococcus recovered from this rabbit was the original type specific 
organism used for spraying or a degenerated “R” form. The number 
of rabbits that developed agglutinins was never great, nor was the 
titre high. The proportion of rabbits showing agglutinins rose only 
slightly following successive exposures. On the other hand, there was 
a distinct tendency for the proportion of rabbits to develop protective 
antibodies with each successive spray. Following the 10th exposure 
53 per cent of the total number of survivals showed the presence of 
these immune substances in their serum. 

DISCUSSION 

Although too few rabbits were used to give as definite results as 
after sprajfing with Type I pneumococcus, some definite results are 



ERNEST G. SXILtilAN 


233 


indicated. It appears that the immunological reactions of rabbits 
following inhalations of the same type of pneumococci yar>^ in direct 
proportion to the virulence of the organism. In the case of exposure 
to a non-virulent degenerated “R” strain derived from Type II pneu- 
mococcus no type specific antibody response was elicited. If rabbits 
are allowed to inhale slightly virulent Type 11 (SAv) pneumococcus, 
none succumb to infection, although a certain number develop a 
pneumococcus septicemia. As the result of successive spraying a large 
proportion of the animals developed protective antibodies in ^eir 
serum but no agglutinins. Following the initial exposure to a rabbit- 
virulent Pneumococcus Type If (Sv) the greatest number of rabbits 
succumbed to a fatal septicemia. Certain rabbits developed a high 
degree of immunity as evidenced by the presence of agglutinin and pro- 
tective antibodies in their serum. Why a larger proportion of rabbits 
exposed to the slightly virulent Pneumococcus T 3 ^e 11 (SAv) devel- 
oped protective antibodies than those sprayed with the virulent 
Pneumococcus Type II (Sv) is difficult to explain. The reaction of 
the rabbits to inhalations of the virulent Type 11 (Sv) culture parallels 
the results obtained when rabbits were sprayed with a rabbit-virulent 
Type I pneumococcus. 

From the foregoing experiments it is certain that following inhalation 
of Hving virulent pnemnococd of T)^e I or 11 rabbits develop a high 
degree of imm unity. This immunity is probably induced by a few 
organisms penetrating the respiratory epithelium and entering into 
the body tissues. It has already been shown that rabbits may recover 
from a transient pneumococcus septicemia following inhalation of 
pneumococci. The great variations both in the time of first appear- 
ance and in the final titre of immune bodies are difficult to explain. 

Among the factors which cannot be experimentally controlled are: 
first, the number of organisms which come to lodge within the respira- 
tory tract following exposure to a bacterial spray; second, the number 
which are able to invade the tissues after implantation; and third, the 
final disposition of these bacteria in the animal body. In certain 
instances the multiplication of the invading organisms goes on un- 
checked until the death of the animal. In others a transient carrier 
state maj' occur with subsequent immunity responses. It is certainly 
significant that whereas the curve of incidence of protective antibodies 
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Steadily increases, the percentage of rabbits showing agglutinins does 
not materially change after the 5th spraying. 

CONCLUSIONS 

1. Following repeated inhalations of the degenerated non- virulent 
“R” forms of Type II pneumococcus, no tj^je specific antibodies can 
be demonstrated in the serum of rabbits. 

2. Following repeated inhalations of slightly virulent Type II 
(SAv) pneumococci, only protective antibodies can be demonstrated in 
the serum of rabbits. 

3. Following repeated inhalations of virulent Type II (Sv) pneumo- 
cocci, agglutinins and protective antibodies can be demonstrated in 
the serum of rabbits. 

4. Following repeated exposures of rabbits to inhalation of pneumo- 
cocci, the type specific response, evidenced by type specific protective 
antibodies and agglutinins, varies in direct proportion to the virulence 
of the culture used. 
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A TYPE SPECIFIC SUBSTANCE DISTINCT FROIM THE 
SPECIFIC CARBOHYDRATE IN PNEUD.IO COCCUS 

TYPE I 
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{From the Department of Bacteriology and Immunology, Harvard University Medical 

School, Boston) 

(Received for publication, iSIa}' 12, 1930) 

The facts 6rst determined b}' Aver\' and Heidelberger (1) and Zinsser and 
Tamiya (2) concerning the species specific nucleoprotein fraction of the pneumo- 
coccus as well as the type specific carbohydrate substance are at present so widel\' 
known and generallj- recognized that their recapitulation here would be super- 
fluous. Aside from these fractions, other workers have described antigenic sub- 
stances obtained b)' various chemical manipulations. Perlzweig and Steffen 
(3) in 1923 reported the finding of a material derived from the pneumococcus 
which was capable of active immunization upon injection into rabbits but which 
sur%’ived digestion with trj-psin, was non-lipoidal, and gave million, .vanthroproteic 
and ninhydrin reactions. Perlzweig and Keefer (4) in 1925 described an actively 
immunizing substance of a protein nature isolated from broth culture filtrates of 
Pneumococcus Tj-pe I by ultrafiltration, precipitation at a definite hydrogen ion 
concentration and the separation of a soluble picrate fraction. Jungeblut (5) 
has described an alcohol soluble substance which under certain conditions reacts 
specifically by precipitation with tj-pe sera. The latest studies of Julianelle (6) 
on skin and conjunctival h\-persensitiveness in rabbits treated with products of the 
pneumococcus suggest the presence of a third non-tj'pe specific substance in that 
organism. 

In this paper eUdence urill be presented which points to the presence 
of a substance other than the specific carbohydrate in the autoUTic 
products of Pneumococci Tj-pe I which reacts specifically with im- 
mune serum as determined either by the precipitin reaction, or, in vivo, 
by the anaphylactic behaHor of guinea pigs appropriately sensitized. 

Primary Observation 

The possibility of the e-vistence of a substance quite distinct from 
the type specific carbohydrate was suggested by the behaHor of the 
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Fig. 1.^ The sections above represent the continuous tracing of one uterine horn of a guinea pig sensitized 24 hours before 
the experiment was performed by the intraperitoneal injection of I cc.of antipneumococcus Type I rabbit scrum. In (A) is 
shown the effect of the autolysates from a “rough” strain of Pneumococcus Type I, in (B) that of Type I specific soluble sub- 
stance, and in (C) the reaction caused by the autolysate from a “smooth” strain of Pneumococcus Type I. The volume of 
l^^ingcr’ 5 solution in the bath was 25 cc. 
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uterine horns of guinea pigs which had been passively sensitized with 
antipneumococcus Tj'pe I rabbit serum. It was found that the uter- 
ine strip when treated with the following materials in the order named 
responded typically to each in turn; 

1 . Autolysate from a “rough” strain of pneumococcus. 

2. The homologous specific carboh 3 ‘drate purified according to the method of 
Heidelberger and Avery. 

3. The autolysate obtained from a “smooth” strain of Pneumococcus Tj^je I. 
(A representative tracing is reproduced in Fig. 1). 

Desensitization of the uterus to each substance was demonstrated 
before the addition of a different material. It was also shown that in 
the quantities used, these materials had no comparable effect upon 
the uterus of a normal guinea pig. This result indicated that the auto- 
lysate obtained from the "smooth” or virulent Pneumococci Type I 
contained a substance capable of causing a tjqjical contraction of the 
uterine muscle after it had been shown to be completely unresponsive 
to the nucleoprotein fraction (as represented by R autolysate) and to 
the purified specific carbohydrate. This substance has provisionally 
been designated the “A” substance. 

The remainder of this communication consists in a description of the 
methods and results employed in the confirmation of the significance 
of this primary observation. 

EXPERErENTAL 

In every instance the autolysates were produced by centrifuging, in large 
bottles, cultures of pneumococci grown for 24 hours in 0.1 per cent dextrose 
hoHnone broth. The sediment from about 250 cc. broth culture was taken up in 
1 cc. of saline. The suspensions were collected and adjusted to contain 0.5 per 
cent phenol. The mixture was allowed to stand for about 72 hours at 37°C. and 
then kept in the ice box. The undissolved debris was centrifuged off before the 
clear supernatant autolysate was used in any test. 

The antipneumococcus Tx'pe I rabbit serum hereafter to be designated as 
"normal” antipneumococcus rabbit serum was obtained in the usual manner by 
treating rabbits intravenously with cultures of Pneumococci Tjpe I grown in 
broth containing 1 percent rabbit’s blood and killed by the addidon of 0.3 per cent 
formalin. 

The antipneumococcus Tvpe I rabbit serum hereafter to be designated as anti- 
A Pneumococcus Tpe I rabbit serum was produced by the following procedure : 
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Heavy suspensions of pneumococci obtained by centrifuging 0.1 per cent 
dextrose hormone broth cultures, and taking up the sediment of I cc. saline, were 
treated with sufheient formalin in 10 per cent solution to give a final concentration 
of 0.2 per cent. After 24 to 48 hours at 37°C. tests for sterility were made. 
Rabbits were treated intravenously at suitable intervals with rather large amounts 
of the formalinized suspension. 

It will be particular!}’’ noted tliat when hcav}" suspensions such as Uiosecmploycd 
are treated in the manner described, what ma}' be spoken of as a “partial" autolysis 
appears to take place, i .c. , the organisms become Gram negative and seem to become 
somewhat smaller. In tlie case of two of the sera (228 and 230), doses of formalin- 
ized broth culture of pneumococci were given to the rabbits subsequently to the 
large amounts of partially autolyzed organisms. The details concerning the 
manner in which anti-A pneumococcus rabbit Sera 228 and 230 were prepared are 
given in Table I. It must be admitted that the immunological principles respon- 
sible for the production of sera which do not develop the S antibod}" but which do 
contain an antibody against the A substance are entirely unknown. Accordingly 
the presentation of a reliable technique for obtaining such sera cannot be given. 
Subsequently it will be shown that “normal” antipneumococcus Tjqie I sera con- 
tain the A antibody which remains in the serum after tlie antibody reacting with 
the specific carbohydrate has been removed by precipitation. The most con- 
venient and readily available method for obtaining an antiserum against tlie A 
substance depends upon tliis fact. 

The nudeoprotein was obtained by precipitation witli dilute acetic acid solution 
derived by dissolving pneumococci with bile according to the method of Avery 
and Heidelberger (7) . 

The specific carbohydrate was produced from pneumococci grown on 0.1 per 
cent dextrose hormone broth according to the metliods described by Heidelberger 
and his associates. Owing, probably, to a slight amount of BaSOi in the T}'pe I 
carbohydrate, the nitrogen present was equivalent to on!}’’ 3 . 7 per cent. 

Demonstration of the Presence of the A Substance in Antipneumococcus 
Type I Sera by Means of the Precipitin Test. — It was found that aiiti- 
pneumococcus rabbit sera produced by injecting the so-called “par- 
tially” autolyzed organisms gave no precipitation upon the addition 
of the specific carbohydrate. On the otlrer hand, when the homo- 
logous autolysate was added, an abundant flocculent precipitate 
formed immediately. That this precipitate was only in a minor pro- 
portion due to the presence in the serum of a nudeoprotein antibody is 
shown by the results recorded in Tables II and III, which also demon- 
strate the absence of an antibody capable of reacting with the specific 
soluble substance. 
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•A further indication that the species specific nudeoprotein is not 
responsible for the bulk of the predpitate obtained by adding the 

TABLE I 

Immunization of Rabbits Producing Anti-A Pneumococcus Serum 


Days after first injectjon of %*2cc5ce 


Seram 

1 

I 3 

6 

IS 

21 

23 

29 

36 

228 

230 


“• 

0,5 F 
l.OF 

u. 

O.SF 
0.5 F 

u. 

0.5 BC 
0.5 BC 

cc. 

i.OBC 
1.0 BC 

cc. 

2.0 BC 
2.0 BC 

cc. 

5.0 BC 
5.0 BC 

CC. 

l.OHB 


F = Centrifugate from 250 cc. 0.1 per cent de-xtrose hormone broth culture 
Pneumococcus Tj-pe I taken up in 1 cc. saline. 0.2 per cent formalin. Culture 
grown for 16 hours. 

BC = 16 hour hormone broth culture containing 1 per cent rabbit blood. 0.2 
per cent formalin. 

HB = 1/10 dilution of vaccine prepared by washing growth from horse blood 
agar pie plate in 5 cc. 0.2 per cent formalin solution in saline. 

All vaccines were injected intravenously. 


TABLE n 

Titration of Anti-A Pneumococcus I Rabbit Sera ■wiUt tJie Specific Soluble Sstbslance 
and the Homologous Autolysate 


Antigen 


I/I 

I/IO 

OOI/I 

1/1,000 

1/10,000 

OOQ'QOl/I 

1/1,000,000 II 

o 

o 

O 

O 

o 

r* 

1/4,000,000 1| 

S S S Pn. I 

Serum 228 

ICot 

done 

1 

Not 

done 

- 

] 

1 

i 

— i 

- 

- 


Not 

done 

Not 

done 

- 

i 

1 





Autolysate Pn. 1 


+++-}- 

++4-1- 

+++dc 

•pH — h 


— ' 

— 

— 



(smooth) 


+++i 

- 1 — 


++ 


— 


— 

“ 


+ + -r + = very heavy precipitate falling to bottom of tube, -f -f + = pre- 
cipitate falling to bottom of tube, -f -f = heavy ring — stays up. -f = definite 
ring, ri: = ring just discernible. 

The ring test technique was employed in this and the following precipitin tests in 
which the antigen was diluted. Readings taken after 2 hours at room temperature. 
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autolysate of Pneumococcus Type I to this serum is offered by the 
experiment recorded in Table IV. Type I autolysate was treated with 
10 per cent acetic acid in tlie cold until test of a portion of the fluid 
indicated a pH of about 4. After standing over night in the cold, the 
acid-precipitable material was removed by centrifugation. The super- 
natant fluid was tested with acetic acid. Any further precipitate 
which formed after 2 hours in the ice box was removed and the super- 
natant fluid neutralized with sodium hydroxide. When this material 
was tested against an anti-“rough” Pneumococcus I rabbit serum 


TABLE nr 

Tifradon of an Anli-A Pneumococcus Rabbit Serum, Employing Various Pneumo- 
coccus Autolysates as Antigens 


Antigen 

Dilution of serum 

1/2 

1/4 

1/8 

. 1 



1/64 

1/128 

Pn. I autolysate (smooth) 




++ 

+ 

zk 

B 

Pn. II autolysate (smooth) 

— 



— 

— 

— 1 


Pn. II autolysate (rough) 

± 



— 




Pn. Ill autolysate (smooth) 




— 



^9 

Pn. I S S S 

— 



— 

B 


B 


In this experiment the antiserum was diluted while the amount of antigen was 
kept constant. 1 drop of undiluted autolysate was added to 0.25 cc. of the serum 
dilution. 1 drop of the specific soluble substance diluted 1/10,000 was added 
to the same volume of diluted serum. Readings taken after 2 hours at room 
temperature. 

which had a precipitin litre of 1 : 3200 (dilution of antigen) against the 
chemically isolated nucleoprotein, it produced no precipitate in the 
dilution employed. When, however, it was titrated with an anti-A 
serum, containing no precipitating antibody for the specific soluble 
substance, it showed only a slight diminution in precipitating capacity 
as compared with the untreated autolysate against the same serum. 
This diminution may in large part be accounted for by the loss of the 
nucleoprotein. 

It may also be mentioned in this connection, although a discussion 
of the chemical aspects of the A substance will be temporarily deferred. 
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that it is possible to obtain by add and alcohol predpitation a material 
which fails to give any predpirin reaction with the anti-“rough” 
pneumococcus serum mentioned above, but which reacts strongly 
with anti-A serum. This fact, taken with the evidence already pre- 
sented, together with that which is to foUow, makes it quite dear that 
the nudeoprotdn fraction cannot be identified with the A substance, 
W'lule the complete failure of the purified specific soluble substance to 
produce predpitation in these sera conclusively indicates that this 
substance is not the predpitating antigen concerned in the reactions. 

In the light of the foregoing facts and the evidence afforded by the 


TABLE IV 

Titraiion of the A Substance before and after Precipitation with Acetic Acid of the 
Nucleoprolein from the Homologous Autolysate 





DSutioo of astigen 



AnUgtfl 

« 

•4 

s 

9i 

^ i 

1/2018 

f 

cv 

- 

Autolysate Pn. I ^ 

f Anti-R Pn. serum 

ri-+ 

“i* 

— 

i 



H 

H 

(smooth) 

[ Anti-.A Pn. I serum 

-f-F+± 

+i-+ 

++- 


B 

B 

Supernatant from acetic 

r 





■ 

B 

add predpitation of 

Anti-R Pn. serum | 

— 

— 

— 




autolysate Pn. I 
(smooth) 

[ Anti-.A Pn. I serum 

-f-f + 


J.J. 



1 


Readings taken after 2 hours at room temperature. 


isolated uterus of a guinea pig sensitized with antipnetnnococcus 
Type I rabbit sermn prepared in the customary manner, it became of 
interest to determine, if possible, by the method of spedfic predpita- 
tion whether or not “normal” antipneumococcus rabbit serum con- 
tains the A antibod}^ 

A technique was devised* which enabled us to demonstrate the presence of this 
antibody in scrum which originally contained a large amount of antibody reacting 


* Dr. Hugh K. ard in this laboratory devised this technique for eliminating a 
precipitating antibody from an antiserum. 
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with the specific carbohydrate. By titration tlie quantity of the purified specific 
soluble substance was found which caused the optimum precipitate in a “normal” 
antipneumococcus Type I rabbit serum. The calculated amount of carbohydrate 
was then added to an}’’ desired volume of the antiserum and, after 2 hours at 37“C., 
tlie precipitate was removed by centrifugation. A portion of the supernatant fluid 
was again titrated against varying quantities of the specific soluble substance and 
the optimum precipitate recorded. The calculated amount of carbohydrate caus- 
ing this precipitate was added to the bulk of the supernatant fluid and after 2 hours 
at 37°C. the precipitate was removed. The supernatant from this precipitation 
was then tested with vaiying dilutions of the carbohydrate. 

Usually no visible precipitation occurred with any dilution of the 
specific soluble substance employed in the tests. When tested, 
however, with the homologous autolysate, an abundant flocculent 
precipitate was observed. These results, together with those obtained 
with the “rough” Pneumococcus I autolysate are summarized in 
Table V. The autolysates of heterologous types freed from the acid 
precipitable nucleoprotein failed to give definite precipitates with these 
sera. In addition data are included which were recorded in an experi- 
ment with a therapeutic T}^e I antipneumococcus horse serum treated 
in an identical manner which was produced at the Massachusetts 
State Antitoxin Laboratory. 

The precipitin tests with “normal” Pneumococcus T}’pe I horse and 
rabbit sera lend strong support to the evidence presented by the con- 
duct of the isolated uterus for the presence of a type specific substance 
in the homologous autolysate which is distinct from the specific carbo- 
hydrate. 

Passive Anaphylaxis in Guinea Pigs Sensitized with Anti-A Pneumo- 
coccus Rabbit Scrum. — Further proof of the existence of the A substance 
was sought in experiments which employed the systemic anaphylactic 
reaction in guinea pigs passively sensitized with anti-A rabbit serum 
or with a “normal” antipneumococcus rabbit serum from which the 
S antibody had been removed by means of the procedure described 
above. 

It was found that guinea pigs injected intraperitoneally with 1 to 2 
cc. of both anti-A rabbit sera used in the precipitin tests failed to 
develop symptoms of anaphylaxis upon intravenous injection of 
varying quantities of the purified specific carbohydrate. Nor was the 
antibody against the nucleoprotein or “rough” autolysate present in 
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suffideat concentration in these sera to confer upon guinea pigs 
anaphylactic sensitivity to these substances. Again, no anaphylaxis 
developed in animals treated "with such sera when autolysates derived 
from either Type H or Type m virulent strains of pnemnococd were 
introduced intravenously. The Tj^pe I anti-A sera did, however, 

TABLE V 

Demonstration of the A Precipitating Antibody in “Normal" Antipneumococcus 
Type I Sera from Which the Antibody Reacting with tJie Specific Substance 
Had Been Removed by Precipitation 


Serum 

Andgea 

DHatioa of antigen 

1/2 

1/8 

1/32 

1/128 

1/S12 

1/201S 

Antipneumococcus 

SI A 

+-h+± 

-h+d- 

j+d-i 

-fd- 

i 4 -+ 

4 -i 

I rabbit serum 

sn A 


— 

i ” 

— 

i 

— 


sniA 

4 -i: 

— 

— 

— 

— 

— 


RIA 

•f= 

— 

” i 

— 

— 

— 

Antipneumococcus 

S I A (ppt.) 


++-f 

i 

-T-fi 


4 - 


I horse serum 

S in A (ppL) 

— 

_ ! 

— 

_ j 

— 1 



RIA 

+ 4 - 

++ ■ 

-f 



— 


S 1 A = Pneumococcus lautob'sate (smooth). 

R I A = Pneumococcus I autolysate (rough). 

S n A = Pneumococcus II autolysate (smooth). 

S III A = Pneumococcusin autolysate (smooth). 

ppt. = Autolysate treated vrith dflute acetic add in the cold to remove nudeo- 
protein. This was done in the case of the horse antiserum because it contained 
a large amount of "P” antibody. 

Both horse and rabbit antisera after removal of the S S S antibody showed no 
predpitation with the specific soluble substance in dilutions of the latter ranging 
from 1/1000 to 1/4,000,000. 

Ring tests — readings after 2 hours at room temperature. 

regularly confer upon guinea pigs a very high degree of anaphylactic 
sensitidty to the autolysate derived from Tj'pe I pneumococcus. The 
"normal” antipneumococcus Tj^Je I rabbit serum from which the S 
antibody had been removed also rendered guinea pigs anaphylactically 
hj'persensitive to the A substance in the homologous autolysate. Be- 
fore the removal of the S antibody by predpitation in vitro, this serum 
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sensitized guinea pigs anaphylactically to the type specific soluble 
substance. After tlie S antibody had been eliminated, animals sensi- 
tized with this serum failed to react anaphylactically upon the injec- 
tion of the carbohydrate, but did respond typically upon being injected 
with the autolysate from Type I virulent organisms. In addition, 
they showed no symptoms upon intravenous treatment with autolysate 
derived from a “rough” strain of Type I or from autolysates of smooth 
strains of Types II and III. The results of these e.\periments are 
summarized in Table VI. 

Although not relevant to this subject, it is of interest to note that 
in these experiments with a rabbit serum which at first contained two 
different antibodies capable of anaphylactic sensitization, but which 
was deprived of one of these antibodies by precipitation unth the speci- 
fic antigen, the complete dependence of the anaphylactogenic antibody 
upon the precipitating antibody is made very clear. That these two 
antibodies are distinct immunological entities is still held by certain 
workers. There is, of course, no final proof of their identity in these 
experiments — a proof that can only be obtained when a chemical isola- 
tion of an antibody is accomplished. Yet the fact that the sensitizing 
antibody may be completely removed in vitro by precipitation with 
the specific antigen from a serum in which a second sensitizing antibody 
remains undisturbed is additional evidence for regarding them as one. 

These anaphylaxis experiments show that in the sera of rabbits 
which have received injections of formalinized pneumococci an 
antibody develops which reacts specifically with an antigen found in 
the autolytic products of Type I pneumococcus. Similar materials 
obtained from the other two types of organism, as well as from “rough” 
strains of the homologous and heterologous types cause no anaphylac- 
tic symptoms. The chemically prepared nucleoprotein is likewise 
incapable of eliciting anaphylaxis. That the antigen in the Type I 
autolysate responsible for the anaphylactic s)anptoms is not the speci- 
fic carbohydrate appears to be definitely shown not only by the 
failure of the latter material when pure to produce shock in guinea pigs 
sensitized with anti-A rabbit sera, but also by the experiments with 
the rabbit serum from which the S antibody originally capable of 
sensitizing had been removed, leaving unimpaired the serum's power 
to sensitize to the A substance. 



Rabbit Smw 




Anti~A Pneumococcus I Rabbit Serum 230 
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S S S = no symptoms 
S II A = no symptoms 

^ ^ A = death in 6 minutes. Autopsy typical 
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The autolysate prepared from a different strain of virulent Type I 
pneumococcus was tested both by the methods of precipitation and of 
anaphylaxis for the A substance, which was found to be present. 


TABLE 

Ejjccl of Heat on the A Substance 




eo 


1/128 

w 

Anti-A Pneumo- 

Untreated phenolized S I A 

iiiH 


++± 

++ 

coccus Type 

I rabbit serum 

Supernatant after treatment with 
HAc 

Q9 


++ 


228 

HAc supernatant boiled at pH 9 



— 

— 


HAc supernatant boiled at pH 4 

BSS9 


+ + 



HAc supernatant autoclaved at 
pH 9 


— 




HAc supernatant autoclaved at 
pH 4 


=b* 



Anti-R Pneumo- 

Untreated phenolized S I A 

++ 

+ 



coccus Type 

I rabbit serum 

Supernatant after treatment with 
HAc 

— 

■ 

— 



HAc supernatant boiled at pH 9 

— 


— 

— 


HAc supernatant boiled at pH 4 

— 


— 

— 


HAc supernatent autoclaved at 
pH 9 


■ 




HAc supernatant autoclaved at 
pH 4 


H 




Dilution of antigen 


+ 


+ 


* These reactions may probably be interpreted as non-specific, since the HAc 
supernatant did not give this reaction with anti-R serum before autoclaving at 
pH 4. 

S I A = Pnemnococcus Type I (smooth) autolysate. 

HAc = Acetic acid. 

Solutions boiled for i hour. 

Solutions autoclaved for 1 hour at 15 pounds pressure. 

The ring test was employed in this experiment. Readings after 2 hours at 
room temperature. 

Physical and Chemical Characteristics of the A Substance 

Effect of Heat. — A characteristic of the A substance which sharply 
distinguishes it from the soluble specific substance is the destructive 


1/8192 
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effect of heat upon it when in weakly alkaline solution. If boiled 
for i hour at pH 9, its effectiveness as a precipitating antigen is 
reduced at least one thousand fold, while the specific carbohydrate 
remains unchanged. On the other hand, when the reaction is ad- 
justed to pH 4 with 10 per cent acetic add, a solution containing the 
A substance may be boiled for the same period of time without losing 
its activity. In both add and alkaline solution, autodaving for 1 hour 
at 15 pounds pressure practically destroys its effectiveness. In the 
e.xperimental results recorded in Table VH, the evidence for these 
statements is presented. To eliminate in so far as is possible the 
nudeoprotein fraction, the autolysate used in these experiments was 

TABLE vra; 


Effect of Peptic Digestion on A Substance 


Scrum 

Dnotion of tbe actigea 

1/1 

1/8 

1/32 

1/125 

1/1S2 

Anti-.A Pneumococcus I f 

After digestion 

+++ 

++ 

-ki 


— 

rabbit serum 228 \ 

Control (undigested) 

+++ 


+db 

4 - 

— 

Anti-R Pneumococcus tab- ( 

After digestion 



— 

— 


bit serum \ 

Control (undigested) 

-f-k 


— 

— 

— 


Readings taken after 2 hours at room temperature. 


first treated with acetic add and the resulting predpitate discarded 
before the supernatant fluid containing the A substance was either 
boiled or autodaved. 

Effect of Peptic and Tryptic Digestion . — Digestion for 72 hours in 
solution containing 1 per cent pepsin at 37.5°C. does not decrease the 
predpitating power of the A substance. To 1 cc. of Pneumococcus I 
autoljrsate, 1 cc. of 2 per cent solution of pepsin in 0.1 N hydrochloric 
add was added. The mixture was then placed in a "cdofane” dialyz- 
ing bag and immersed in a solution of 0.1 n hydrochloric add. The 
liquid outside the bag was changed twice each day. As a control a 
similar mixture of autolysate and boiled pepsin solution was dialyzed 
under the same conditions. The enzyme in a concentration of 1 per 
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cent readily digested coagulated egg white (h'lett tube). Its activity 
was also indicated by the reduction in the precipitating strength of the 
digest when added to an anti-R pneumococcus rabbit serum. This 
loss of precipitating capacity is, no doubt, to be attributed to the diges- 
tion of the nucleoprotein by the enzyme , In Table VIII are presented 
the results of an experiment to determine the effect of pepsin on the 
A substance. 

Because of the fact that in weakly alkaline solution tlie activity of 
the A substance seems to be markedly impaired by prolonged exposure 
to a temperature of 37.5°C., it was not possible to determine so clearly 
the effect of tryptic digestion on it. It may be stated, however, that a 
solution of the A substance exposed to the action of this enzyme loses 
no more of its capacity to react \vith an A antiserum than does a control 
solution to which no trypsin has been added but wliicli has been sub- 
jected to identical conditions. 

Chemistry of the A Siihstance . — Until the completion of a study now 
being purused which is concerned with the isolation and properties 
of this substance, little can be definitely stated in respect to its chem- 
istry. In many of its reactions it resembles the specific soluble sub- 
stance. Precipitated by the same volume of alcohol, traces of it are 
to be found in that material until very near the end of the purifying 
process. It is precipitated by phosphotungstic acid and by silver 
nitrate. It is is not precipitated either by acetic or hydrochloric acid. 
Until isolated in a state at least approaching purity, the tests for pro- 
tein have, of course, no meaning. 

DISCUSSION 

In the preceding sections experimental evidence has been presented 
which leads to the conclusion that in the autolytic products of Pneumo- 
coccus TypeT there is to be found a substance of unknown chermcal 
composition reacting specifically both in precipitin and anaphylactic 
reactions with sera produced by injecting rabbits with formalinized 
pneumococci. This substance is distinguished from the specific car- 
bohydrate not only by its specific precipitating and anaphylactic action 
with such sera, but also by its instability when boiled in weakly alka- 
hne solution. Although this last characteristic is analogous to the 
conduct of certain proteins which undergo racemization under similar 
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conditions, the fact that pepsin and, less clearly, trypsin do not digest 
the A substance renders esceedingly doubtful its ultimate identification 
as a protein. At present the chemical aspects of the problem are 
being investigated. 

The hjrpothesis of l^ndsteiner concerning the “haptene” or partial 
antigen so conclusively confirmed experimentally in the case of the 
lipoidal antigen of Forssmann and the bacterial carbohydrates, must 
inevitably be considered in relation to any substance which reacts 
in vitro with an antiserum. Since the chemical isolation of the A sub- 
stance has not yet been accomplished, it is obviously impossible to 
arrive at any definite conception in respect to its function as a complete 
or partial antigen. A priori, however, the facts mentioned above, 
which suggest a substance of non-protein nature, also make it unlikely 
that the A antigen per se possesses the capacity to stimxdate the pro- 
duction of antibody when injected into an animal. 

The work of Reimann (9) and others has shown that immunization 
with the autolytic products of the pneumococcus produces an antibody 
reacting only with the nudeoprotein fraction. Although their results 
do not definitely preclude the possibility that an A antibody was also 
present in small concentration, they render it improbable. Had an A 
antibody been present in a serum along with the nudeoprotein anti- 
body, that serum would have exhibited a higher precipitin titre against 
the homologous autolysate than against heterologous autolysates. 
Actually, it was found that in the sera of an animal immunized with 
the autolysate from any pneumococcus or with the nudeoprotein frac- 
tion the predpitin titre was the same whether the homologous or 
heterologous autotysate was employed as antigen. 

We have not attempted an extensive series of e.xperiments to deter- 
mine whether or not an antibody against the A substance developed 
in the sera of rabbits immimized with autolj'sate derived from 
Pnemnococcus Tj^pe I. In the sera of three animals treated in 
this way, however, no antibody against the A substance was demon- 
strated. Thus, until further data are available, the preponderance of 
evidence is in fav'or of regarding the A substance as belonging to the 
order of haptenes. 

WTiether or not materials analogous to the A substance in Pneumo- 
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COCCUS Type I exist in the autolytic products of Pneumococci Type II 
and TjTpe III has not yet been definitely shown. 

CONCLUSIONS 

1 . Evidence has been presented for the existence of a substance dis- 
tinct from the specific carbohydrate in the autolytic products of 
Pneumococcus Tj'pe I. 

2. The substance reacts specifically by precipitating homologous 
antiserum whicli either occurs naturally without antibody against the 
specific carbohydrate or has been deprived of that antibody artificially. 

3. In guinea pigs passively sensitized with such antisera the homo- 
logous autolysate containing the substance alone produces tj'pical 
lethal anaphylactic shock. 

4. In weakly alkaline solution the substance is destroyed by boiling. 
In weakly acid solution it resists a temperature of 100°C. for at least 
I hour. Autoclaving for 1 hour at 15 pounds pressure in either acid or 
alkaline solution destroys its activity as precipitinogen. 

5. The substance is resistant to peptic digestion. 

6. The chemical nature and the possible identification of the sub- 
stance as a haptene have been discussed. 
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THE INFLUENCE OF ULTRA-VIOLET RADIATION ON THE 
WEIGHT OF ADULT RABBITS, NORMAL AND 
SYPHILITIC 


By ALVIN R. HARNES, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, May 14, 1930) 

During the course of an experiment previously reported (1), it was 
noted that rabbits exposed to ultra-violet radiation under certain 
conditions did not appear to be in as good physical condition as animals 
living in an environment from which all light was excluded and were 
more susceptible to intercxirrent infections. With these facts in mind, 
the experiment was repeated with a view to determining the influence 
of ultra-violet irradiation on body weight, the chemical composition 
of the blood, and susceptibility to intercurrent infections of normal 
and syphilitic animals and on the reaction to syphilitic infection. 
The present paper wdl be limited to a report of the results obtained 
for body weight and susceptibility to intercurrent infections. 

Material and Methods 

In the e-yperiment to be reported, 60 male rabbits between 6 and 8 months of 
age were used. The animals were divided into 6 comparable groups of 10 each, 
and from the beginning of the experiment on November 27, 1928, rmtil June 15, 
1929, these animals were kept in a room from which all light was excluded. They 
were caged separately, and fed the routine diet of hay, oats, and cabbage. The 
temperature of the dark room was satisfactorUy maintained at 70° to 75°F. and 
the humidity varied with that of the outside air. The animals were weighed at 
weekly intervals. 

Beginning December 5, 1928, 30 animals, Ibted as Groups 11, IV, and \T were 
exposed for an hour each day to the unfiltered radiations of a quartz-mercurx' arc 
lamp (80 volts, 4.2 amperes) at a distance of 4.5 meters. The doors of the cages 
were open to permit free access of light but no depilatory measures were used and 
at no time throughout the e.xperimcnt could there be detected evidence of derma- 
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titis, conjunctivitis, or any other inflammator}' process which migJit he attributed 
to the action of ultra-violet radiation. The other animals, Groups I, III, and V, 
remained in the dark room tliroughout the experiment. Group I served as a 
control for Groups III and V, and Group II, as the control for Groups IV and W. 

A summary of experimental procedures, according to groups, is given 
in the following table : 


Group 

Number 
of animals 

Dark room 

Ultra-violet 
irradiation started 

Inoculated with 

T, patlidum ' 

Termination of 
ciperiment 

I 

10 

Nov. 27, 1928 



June 15, 1929 

II 

10 

Nov. 27, 1928 

Dec. 5, 1928 


June 15, 1929 

III 

10 

Nov. 27, 1928 


Dec. 18, 1928 

June 15, 1929 

IV 

10 

Nov. 27, 1928 

Dec. 5, 1928 

Dec. 18, 1928 

June 15, 1929 

V 

10 

Nov. 27, 1928 


Jan. 24, 1929 

June 15, 1929 

VI 

10 

Nov. 27, 1928 

Dec. 5, 1928 

Jan. 24, 1929 

June 15, 1929 


All animals received some light from two other sources. For a 
brief period each day a 30 Watt amber tinted Mazda lamp was used 
in the dark room for cleaning cages, feeding, and making certain neces- 
sary observations. The animals were also exposed to diffuse filtered 
sunlight for a brief period once every 2 weeks when they were brought 
into the laboratory for bleeding purposes. During the remaining time 
all animals were kept in the dark room. 

The mean values contained in Tables I to VI inclusive have been 

smoothed by the formula - ^ and are presented in the graphs 


(Text-figs. 1 to 3) in terms of per cent variation from a standard mean 
value, using for this purpose 2200 gm. 


RESULTS 

The results of the observations made in this experiment are pre- 
sented in the form of tabulated summaries, Tables I to VIII, which 
are supplemented by a series of graphs. Text-figs. 1 to 3. 
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TABLE I 


Gross Body Weight. Normal Darh Room 


Date 

Groap mean 

Smoothed net vanation 

?er cent variatioa 

ms-Z9 

gm. 

gm. 


Nov. 30 

1940 

-260 

-11.8 

Dec. 6 

2043 

-167 

“ 7.6 

Dec. 12 

2088 

-113 

- 5.1 

Dec. 20 

2132 

- 82 

- 3.7 

Dec. 28 

2121 

- 61 

- 2.8 

Jan. 5 

2182 

- 21 

- 0.9 

Jan. 12 

2232 

+ 17 

+ 0.8 

Jan. 18 

2222 

+ 32 

+ 1.5 

Jan. 25 

2253 


+ 2.7 

Feb. S 

2309 

+105 

+ 4.8 

Feb 9 

2350 

+154 

' + 7.0 

Feb. 16 

2409 

+199 

+ 9.0 

Feb. 22 

2431 

+186 

1 + 8.8 

Mar. 6 ] 

2273 

+117 

+ 5.3 

ilar. 16 

2290 

+ 94 

+ 4.3 

Mar. 23 

2325 

+114 

+ 5.2 

Mar. 29 

2315 

+ 88 

+ 4.4 

Apr. 6 

2197 

+ 33 

+ 1.5 

Apr. 14 

2225 

+ 25 

+ 1.1 

-Apr. 19 

2262 

+ 61 

+ 2.8 

Apr. 27 

2295 

+ 98 

+ 4.5 

May 11 

2342 

+138 

+ 6.3 

May 17 

2355 

+103 

+ 4.7 

May 25 

2162 

- 1 

0 

June 1 

2120 

- 58 

- 2.6 

June 8 

2167 

- 37 

- 1.7 

June 15 

2200 

0 

0 

Group mean 

2231 

+ 31 

+ 1.4 



Dec. 6 to Jan. 25 — 14.5. 
Mean gain — 13.2. 

Final net gain — 1 1.8. 
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TABLE II 


Gross Body Weight. Normal Ultra-Violet 


Date 

Group mean 

Smoollicd net variation 

Per cent variation 

1928-29 

rm. 

Sm. 


Nov. 30 

1865 

-335 

-15.7 

Dec. 6 

1970 

-194 

- 8.8 

Dec. 12 

1998 

-150 

- 7.0 

Dec. 20 

2084 

-133 

- 6.0 

Dec. 28 

2103 

- 77 

- 3.5 

Jan. 5 

2216 

- 10 

- 0.4 

Jan. 12 

2228 

+ 34 

-f 1.5 

Jan. 18 

2265 

+ 46 

+ 2.1 

Jan. 25 

2236 

+ 59 

-f 2.6 

Feb. 5 

2322 

+ 75 

+ 3.4 

Feb. 9 



i , 

Feb. 16 

2220 

-fl04 

+ 4.7 

Feb. 22 




Mar. 6 

2453 

-t-186 

-f 8.8 

Mar. 16 

2420 

•fl06 

-f- 4.8 

Mar. 23 



1 

Mar. 29 




Apr. 6 




Apr. 14 

2031 

- 63 

- 2.9 

Apr. 19 




Apr. 27 

2065 

-133 

- 6.0 

May 11 

2109 

- 81 

- 3.6 

May 17 I 

2193 

- 31 

- 1.3 

May 25 

2180 

- 47 

- 2.1 

June 1 

2059 

- 98 

- 4.5 

June 8 

2112 

-114 

- 5.2 

June IS 

2063 

-137 

- 6.2 

Group mean 

2152 

- 48 

- 2.2 


Dec. 6 to Jan. 25 — 18.3. 
Mean gain — 13.5. 

Final net gain — 9.5. 
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TABLE ni 


Gross Body Weight. Dark Room. T. -pallidum Inoculated on December 12, 1928 


Bate 

Group mean 

Smoothed net variation 

Per cent vanatioa 

ms-zt 

frt. 

fn. 


Nov. 30 

1902 

-197 

- 8.9 

Dec. 6 

19SS 

-119 

- 5.4 

Dec. 12 

2180 

- 98 

- 4.5 

Dec. 20 

2000 

- 63 

- 2.9 

Dec. 28 

2230 

+ 31 

+ 1.3 

Jan. 5 

2240 

+ 27 

1 + 1.2 

Jan. 12 

2342 

+16S 

+ 7.6 

Jan. 18 

2387 

+174 

+ 7.9 

Jan. 2S 

2357 

+193 

+ 8.8 

Feb. 5 

2397 

+211 

+ 9.6 

Feb. 9 

2422 

+211 

+ 9.6 

Feb. 16 

2405 

+230 

+10.5 

Feb. 22 

2415 

+247 

+11.2 

Mar. 6 

2485 

+230 

+10.5 

Mar. 16 

2405 

+213 

+ 9.7 

Mar. 23 

2425 

+214 

+ 9.7 

Mar. 29 

2417 

+213 

+ 9.7 

Apr. 6 

2400 j 

+245 

+11.2 

Apr. 14 

2425 

+274 

+12.4 

Apr. 19 

2470 

+298 

+13.5 

Apr. 27 

2500 

+327 

+14.9 

May 11 

2500 

+321 

+14.8 

May 17 

2567 

+240 

+10.9 

May 25 

2450 

+108 

+ 4.8 

June 1 

2295 

+ 25 

+ 1.1 

June 8 

2215 

+ 6 

+ 0.2 

June IS 

2200 

0 

0 

Group mean 

2333 

+133 

+ 6.0 
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TABLE IV 


Gross Body Weight. Ultra-Violet. T. pallidum Jitoculatcd on December 12, 1928 


Date 

Group mean 

Smootliecl net variaU'on 

Per cent variation 

ms-z9 

gm. 

rr». 


Nov. 30 

1852 

-248 

-11.2 

Dec. 6 

1900 

-183 

- 8.7 

Dec. 12 

2017 

-101 

- 4.6 

Dec. 20 

2065 

-132 

- 6.0 

Dec. 28 

2127 

- 87 

- 4.3 

Jan. 5 

2135 

- 56 

- 2.4 

Jan. 12 

2180 

- 21 

- 0.9 

Jan. 18 

2212 

+ 12 

0.5 

Jan. 25 

2245 

J- 40 

+ 1.8 

Feb. 5 

2260 

+ 41 

-f 1.8 

Feb. 9 

2212 

-f 14 

•f* 0.6 

Feb. 16 




Feb. 22 

2175 

- 24 

- 1.1 

Mar. 6 

! 



Mar. 16 

2134 

- 66 

- 3.0 

Mar. 23 

2093 

- 87 

- 3.9 

Mar. 29 

2142 

- 67 

- 3.0 

Apr. 6 

2156 

- 53 

- 2.4 

Apr. 14 

2134 

- 71 

- 3.2 

Apr. 19 




Apr. 27 




May 11 

2090 

-108 

- 4.9 

May 17 




May 25 




June 1 

2053 

-147 

- 6.7 

Jnnpi R 




June 15 

— 

..... 

_ 

Group mean 

2115 

- 85 

- 3.9 
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TABLE V 


Gross Body Weigel. Barh Room. T. pallidum Inactdakd on January 24, 1929 


Date 

Group meaii 

Smooibed variation 

Per cent variation 

J92S-29 

tm. 

fm. 


Nov. 30 

1932 

-268 

-12.2 

Dec. 6 

2162 

-178 

- 8.1 

Dec. 12 

2222 

+ 15 

+ 0.7 

Dec. 20 

2255 

+ 56 

+ 2.4 

Dec. 28 

2295 

+ 91 

+ 4.1 

Jan. 5 

2325 

+130 

+ 5.9 

Jan. 12 

2380 

+174 

+ 7.9 

Jan. 18 

2412 

+212 

+ 9.6 

Jan. 25 

2447 

+245 

+11.1 

Feb. 5 

2477 

+274 

+12.4 

Feb. 9 

2497 

+303 

+13.8 

Feb. 16 

2542 

+305 

+13.9 

Feb. 22 

2442 

+254 

+11.5 

Mar. 6 

2387 

+208 

+ 9.5 

Mar. 16 

2417 

+201 

+ 9.4 

Mar. 23 

2395 

+191 

+ 8.7 

Mar. 29 

2357 

+130 

+ 5.9 

Apr. 6 

2312 

+128 

+ 5.8 

Apr. 14 

2332 

+127 

+ 5.8 

Apr. 19 

2332 

+146 

+ 6.6 

Apr. 27 

2391 

+163 

+ 7.5 

May 11 

2339 

+148 

+ 6.7 

May 17 

2322 

+103 

+ 4.7 

May 25 

2230 

+ SO 

+ 2.3 

June 1 

2218 

+ 44 

+ 2.0 

June 8 

2290 

+ 90 

+ 4.1 

June 15 

— 



Group mean 

2335 

+135 

+ 6.1 
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TABLE VI 


Gross Body Weight. Ultra-Violet. T. pallidum Inoculated on January 34, 1939 


Date 

Group mean 

Smoothed net variation 

Per cent variation 

192S-Z9 

rm. 

tm. 


Nov. 30 

1922 

-258 

-11.5 

Dee. 6 

2061 

-168 

- 7,6 

Dec. 12 

2086 

- 96 

•- 4.2 

Dec. 20 

2183 

- 39 

- 1.7 

Dec. 28 




Jan. 5 

2194 

- 2 

- 0.1 

Jan. 12 

2222 

-f 22 

4- 1.0 

Jan. 18 

2250 

+ 48 

4- 2.2 

Jan. 25 

2269 

+ 75 

4- 3.4 

Feb. S 

2303 

+ 81 

4- 3.7 

Feb. 9 

2250 

•+• 68 

4* 3. 1 

Feb. 16 

2272 

+ 69 

4* 3. 1 

Feb. 22 

2266 

H- 65 

4- 3.0 

Mar. 6 

2267 

4- 69 

4- 3.1 

Mar. 16 

2277 

74 

4- 3.4 

JVIar. 23 




Mar. 29 

2275 

+ 45 

4- 2.0 

Apr. 6 




Apr. 14 




Apr. 19 

2155 

4- 40 

4- 1.9 

Apr. 27 




TVIny 1 1 




May 17 

2025 

- 48 

- 2.2 

May 25 




June 1 

2002 

-148 

- 6.7 

June 8 

1922 

-212 

- 9.6 

June 15 

— 



Group mean 

2168 

- 32 

- 1.5 




— — •— 
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TABLE Vn 

Per Cent Gain from Inilial Weight 


Dark room 

Xntra-violct 

Group 

Jan. 2S, 1929 

Mean 

Final 

Group 

Jan. 25, 1929 

Mean 

Final 

I 

16,1 

15.0 

13.4 

n 

19.9 

15.4 

■i 

in 

24.8 

22.6 

15.1 


21.2 

14.2 


V 

26,6 

20.8 

18.5 

YL 

18.1 

12.7 

■a 


TABLE vnr 


Dark room 

j TJltra-vioht 

Group 

Survivals 

Group 

Survivals 

I 

10 

n 

6 

ni 

10 

rv 

8 

V 

9 

VI 

9 






























Normal 

Gross body weight 

_Groupr Darkroom — 
■ I Ultra-violet — 
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DISCUSSION AND CONCLUSIONS 

In taking up the discussion of tlie results recorded above, attention 
should be directed to the fact that in these experiments the only light 
of any consequence which was received by the irradiated animals was 
that derived from the quartz mercury lamp. These experiments 
differ, therefore, from others in which animals rccei\nng unfiltered or 
diffuse filtered sunlight are given an additional ultra-violet irradiation. 
A further condition to which attention should be called is the fact that 
during the course of these experiments, there was a marked deteriora- 
tion of the lamp used, so that the energy delivered during tlie latter 
part of the experiment was much less than at tlie beginning. It is 
regretted that the actual change and the rate of decrease can not be 
given accurately. But throughout the entire period of the experi- 
ment, all animals lived in a room from whicli all axtraneous light was 
excluded, the only evironmental variation being the e.xposure of 
Groups II, IV, and VI to ultra-violet radiation for an hour each day 
at a distance of 4.5 meters. 

Considering tlie results for normal animals first, it will be seen by 
a comparison of the figures for bod}’’ weight tliat from the beginning 
of the experiment on November 30, 1928, until January 25, 1929, 
botli Groups I and II showed a gradual increase in body weight. Fol- 
lowing this, the dark group exliibited a rather sharp increase in weight 
reaching a maximum on February 16. The increase in the ultra-inolet 
group of animals was more gradual, tlieir maximum weight being 
attained on March 6. From these high values both groups showed 
a loss in weight, the group exposedto ultra-'violet radiation losing more 
than animals living in total darkness. After March 16 and throughout 
the remainder of the experiment, the general level of body weight of 
the ultra-violet group was below that of the dark group. The latter 
group exliibited a secondary increase in weight during the first week of 
fMay, this same increase being reflected in tlie ultra-violet animals al- 
though at a much lower level. From these levels, both groups de- 
creased in weight, the ultra-violet animals showing a more gradual 
decline while the dark group showed a slight increase in weight during 
the last 2 weeks of the experiment. 

The difference between the two groups of animals with respect to 
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susceptibility to intercurrent disease (Table VIJLI) is in agreement \vitii 
the results obtained for body weight. This is clearly shown by the 
occurrence of 4 deaths among the irradiated animals and none among 
those wMch received no ultra-violet light. Postmortem examination 
showed that death was due in all cases to pneumonia. 

The effects of irradiation on syphilitic rabbits were essentially the 
same as on normal animals. The animals of Groups m and W 
(Tables III and IV; Text-fig. 2) were inoculated with the Nichols 
strain of T. pallidum on December 24, 1928. All other conditions 
were the same as for Groups I and H. Except for the values ob- 
tained on December 12, at which time both groups coincided, the 
gross body weights for animals exposed to ultra-molet radiation was 
far below that maintained by animals li\fing in total darkness. On 
May 6, there was a difference of 20 per cent between the mean valu^ 
obtained for these two groups of animals. VTiiie the course of sj^phihs 
in the two groups of animals was moderately severe, yet no deaths 
were recorded as resulting from the specific infection. However, at the 
end of the experiment, all animab of Group m were alive while 2 died 
in Group IV, deaths being due to pneumonia. 

The animals in Groups V and \T[ were inoculated on January 24, 
1929, with the same strain of T. pallidum as were Groups HI and IV. 
In general, it can be stated that the syphilitic infection in these animals 
was less severe than that found in Groups III and W. The mortality 
rate from non-specific infection was the same in both Groups V and \T. 

From the beginning of the experiment until December 6, the animals 
in Group VI showed a higher gross body weight than those in Group V, 
but from this time on the animals in Group VI maintained a level below 
^ that of Group V. In these two groups of animals, it will be noted that 
the difference in weight is not as great as that found to e-wst between 
Groups m and W. 

If the gain in weight is calculated in per cent of the original or first 
recorded weights (Table \^n), essentially the same results are demon- 
strable. At the end of the first 7 weeks of the c.xperiment, January’ 25, 
1929, the animals in Group 11 showed a greater per cent gain in weight 
than did the control animals in Group I. It will also be noted that the 
mean per cent gain was slightly higher for animals exposed to ultra- 
\noIct radiation than for those animals in the dark room. The final 
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weight for the ultra-violet group was less than for those animals in the 
dark room. In the 4 other groups tlie per cent gain was less in animals 
exposed to ultra-violet light than in tliose remaining in total darkness; 
in Group VI the final weight was exactly the same as the original. 

Another factor which influences all calculations is tlie mortality 
rate among tliese 6 groups of animals (Table VIII). Seven deaths 
occurred among animals remaining in tire dark room. The deaths in 
eacli group were due to pneumonic infections. 

SUMMARY AND CONCLUSION 

In summarizing the results obtained for these 6 groups of animals, 
the following conclusions may be drawn : 

Normal rabbits living in total darkness and exposed to ultra-violet 
radiation at regular intervals showed a more rapid rate of increase in 
weight than animals living under the same condition, but after an 
initial period of rapid increase, the irradiated animals maintained a 
lower body weight than those Imng in the dark. 

Under the same conditions, animals inoculated with T. pallidum and 
exposed to ultra-violet light maintained a lower weight than the cor- 
responding control groups living in total darkness. 

Furthermore, the mortality rate from pneiunonic infection was 
found to be greater in animals exposed to ultra-violet radiation tlian in 
those living entirely in the dark. 

It is evident, therefore, that, under the conditions given, ultra- 
violet radiation was detrimental rather tlian beneficial. 
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A STUDY OF THE RESISTANCE OF NORMAL HHMAN 
BEINGS TO RECENTLY ISOLATED STRAINS OF PATHO- 
GENIC PNEUIMOCOCCT 

By O. H, ROBERTSON, M.D., and M. AGNES CORNR'ELL 
(From the Department of Medicine of the University of Chicago, Chicago') 

(Received for publication, !May 14, 1930) 

That man must be fairly resistant to the pneumococcus is attested 
by the relative infrequence of known contact infection among those 
attending pneumonia patients, despite the fact that under such condi- 
tions pneumococci are probably often inhaled in considerable numbers. 
YTien contact infection has been observed it is almost always with 
Pneumococcus Types I and II from which it might be inferred that 
these two tj’pes are the most virulent for man. But we have no defi- 
nite information as to the relative human virulence of different strains 
or types of pathogenic pneumococci and but little data concerning 
variations in individual susceptibility to a single strain. 

WTile a direct approach to this problem is not possible for obvious 
reasons, an indirect method of study has become available as a result 
of experimental observation in animals. It was found that the resist- 
ance of an animal to pneumococcus infection was paralleled verj' closely 
by the pneumococcidal power of the blood. YTen the serum and 
leucocjles of a single species, the rabbit, were tested against pneumo- 
cocci of varjing rabbit virulence, the pneumococci of low xurulence 
were destroyed in considerable numbers while those of high virulence 
grew readih’ in the serum-leucocyte mixtures. Again the serum and 
leucocytes of young rabbits which are highly susceptible to pneumo- 
cocci of low virulence for the adult rabbit, were found to possess no 
pneumococcidal action whatsoever. There was found to be a general 
quantitative relationship between the killing dose of pneumococci and 
the pneumococcidal power of the animal’s blood (1, 2). 

* Reported in brief in the Proceedings of the Institute of Medicine of Chicago, 
1929,7, 224. 
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Method and Matcriah 

The pneumococcidal tests were carried out as already described (1 , 3) employing 
quantitated mixtures of serum, leucocytes, and pneumococci in sealed tubes which 
were agitated during incubation. Pooled normal serum in each test consisted of a 
mLxture of serum secured from four to seven persons.* Human leucocytes were 
obtained from Group I (Jansky) donors. Serum and leucocjdes from the same 
person were often used in testing single individuals. The strains of pneumococci 
employed were tliose freshly isolated from cases of lobar pneumonia. Fre- 
quentlj’^ tliey were used after onl}’^ one transfer in broth. The standard suspension 
was one billion organisms per cubic centimeter. Tests for opsonins and aglutinins 
w'ere made as detailed in a previous study (4). 

We are much indebted to hliss Georgia Cooper for diagnostic sera which enabled 
us to classify strains of atypical Tj'pe II and Group IV pneumococci. 

EXPERIJEENTAL 

Pneumococcidal Action of Normal Human Senim-Lciicocytc Mixtures 

The tests were carried out as shown in Table I. From one to four 
pneumococcus strains were tested at a time and the tests were repeated 
in order to secure comparative results. It is seen in this experiment 
that the pneumococci of all four strains were killed in relatively large 
numbers by the normal human serum and leucocytes. Observations 
on 26 strains studied in this way are summarized in Table II. ^^^le 
considerable variation in susceptibility to tire killing action of the 
serum-leucocyte mixtures was found to exist among tire different 
members of the series, none were able to survive or grow in quantities 
less than 10“® of the standard suspension. The variations in gro^^Th 
capacity appeared to be independent of t}’pe nor did it seem to sig- 
nify whether the pneumococci were isolated from tlie blood, lung or 
sputum, in recovering or fatal cases, early or late in the disease. An 
interpretation of these results on the basis of the much more complete 
observations in animals cited above, indicates that normal human 
beings as a group possess a considerable degree of natural immunity 
against pathogenic pneumococci. 

* It was not possible to get an accurate past history from all of them as to ante- 
cedent occurrence of pneumonia but judging by a number of tests on persons of 
known negative past history, the inclusion of individuals who may have had pneu- 
monia 3 "ears previouslj’’ could have made no material difference in the results. 
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TABLE I 

Pneumococcidal Action of Nonnal Human Serum and Leucocytes for Recently 

Isolated Pneumococci 

Human serum* 0.2 cc. + leucocyte suspension 0.1 cc. -f pneumococcus sus- 


pension 0.1 cc. + gelatin Locke’s solution 0.1 cc. 


Type 

Approjimate nimibcr 
of pneumococci 

Grcrrth as 

sho^m metheraoslobm 
fonnation at 

Survival o!^ 
pneumococci 
zt 72 hours 

IS hrs. 

42 his. 

72 hrs. 


1,000,000(10-5) 

+ 

4-4— f 

4 1 i“4' 

+ 

(Sputum) 

100,000(10-<) 

0 

0 

' 0 

0 


10,000(10-5) 

0 

0 

0 

0 


1,000(10-5) 

0 

0 

0 

0 


100(10-7) 

0 

0 

0 

0 

n 

1,000,000(10-5) 

0 

-f 

4-4-4- 

-k 

(Blood) 

100,000(10-5) 

0 

4* 

+-f+ 

4" 


10,000(10-5) 

0 

0 

0 

0 


1,000(10-5) 

0 

0 

0 

0 

Ha 

1,000,000(10-5) 

0 

-f-l- 

•i — r++ 

+ 

(Blood) 

100,000(10-5) 

0 

0 

0 

0 


10,000(10-5) 

0 i 

0 

0 

0 


1,000(10-5) 

0 

0 

0 

0 

m 

1,000,000(10-5) 

0 

+ 

+++ 

+ 

(Lung) 

100,000(10-5) 

0 

0 

+++ 1 

-h 


10,000(10-5) 

0 

0 

0 

0 


1,000(10-5) 

0 

0 

0 

0 



Controls ■with serum 

only** 



I 

100(10-5) 

H — i — f — h 


i 

4 - 

n 

100(10-5) 

++++ 



4 - 

lla 

100(10-5) 1 

+++ 



4 - 

m 

100(10-5) 

+ 



-r 

Plates ol 10-5 (Jiiutioa of the pneumococcus suspensions 

I 

No. of colonies i 


114 


11 

>< if H 



SO 


lla 

if if II 

r 


41 


111 

ft if ti 

r 


90 



* Pooled scrum. 

** 0.1 cc. Lakcd red blood cells added. 
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The \’irulence of the pneumococci for mice was found to parallel 
in a general way their capacity to grow in the human serum-leucocyte 

TABLE II 


Piicumococcidal and Opsonic Action of Normal Unman Scrum and Leucocytes for 

Recently Isolated Pneumococci 


Case 

Type 

rncuniococci isolated 

Outcome 

of 

disease 

Action of normal serum and 
Icucccj-tes 

From 

Day of 
disease 

Pneumococ- 

cidal 

Largest amt. 
susp. killed 

Opsonic 

Agglutina 

tion 

R. S 

I 

Sputum 

lOtll 

Rac’d 

10-* 

— 

+ 

L. R. E 

I 

Blood 

4tli 

Died 

10-< 

— 

— 

J. L 

I 

Sputum 

4th 

Rcc’d 

10--< 

-f 

++ 

A. I 

I 

Sputum 

6tli 

Rec’d 

10-5 

— 

— 

W. Me 

I 

Lung 

5Ui 

Rcc’d 

10-5 

— 


J. T. A 

I 

Sputum 

1st 

Rec’d 

10-5 

— 

— 

J. V 

II 

Blood 

2nd 

Died 

10-5 

-t-+++ 

++++ 

S. P 

II 

Blood 

7th 

Died 

10-5 

— 

+-[-++ 

C. McN 

II 

Sputum 

3rd 

Died 

10-5 

+ 

-j-q. 

M. M 

II 

Sputum 

7th 

Rcc’d 

10-‘ 

+ 

++ 

N. S 

n 

Sputum 

4th 

Rec’d 

10-5 

++++ 

+4-++ 

J. c 

Ila 

Sputum 

11th 

Rec’d 

10-< 

— 

4-+ 

R. E 

Ila* 

Lung 

1st 

Rec’d 

10-5 

++ 


M. L. B 

Ila* 

Lung 

4th 

Rec’d 

10-< 

+++ 

4-4-4-4- 

R. McN. 

Ila 

Sputum 

7th 

Died 

10-< 

— 

4* 4- 4* 4- 

Y. B 

Ila 

Blood 

3rd 

Rec’d 

10-‘ 

+-!-++ 

4-4-4- 

H. F. L 

na* 

Sputum 

5th 

Rec’d 

10-^ 

— 

— 

F 

Ila 

Sputum 

2nd 

Rec’d 

10-< 

+ 

4- 

H. C 

III 

Lung 

1st 

Rec’d 

10-5 

+++ 

4-4- 

V. C 

m 

Blood 

3rd 

Died 

10-< 

— 

— 

A. Z 

III 

Lung 

3rd 

Rec’d 

10-5 

— 

— 

K. H 

III 

Sputum 

2nd 

Rec’d 

10-5 

— 

— 

J. B 

IV 

Sputum 

5th 

Rec’d 

10-5 

+++ 

4-4- 

S. B 

IV 

Sputum 

4Ui 

Rec’d 

10-5 

++++ 

4-4--i— b 

F. V 

IV 

Lung 

6di 

Rec’d 

10-5 

— 

— 

H. F. P 

IV 

Blood 

3rd 

Died 

10-« 

— 

— 

E. J 

IV 

Sputum 

1st 

Rec’d 

10-5 

— 

" . 


— , not done. 

* Type V Cooper. 


mixtures. Those able to grow in the serum and leucocytes in quanti- 
ties as small as 10~“ were highly lethal for mice, killing in amounts of 
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10“' of the standard suspension; while the strains which were killed 
in amounts of 10 of the standard suspension were of decidedly lower 
mouse virulence.- 

Tests for the opsonic and agglutinative action of normal pooled 
human serum against these strains showed much more marked indi- 
vidual variation than did the pneumococcidal. WTiile all those tested 
were agglutinated and phagocyted under the influence of the normal 
serum, the degree to which these actions occurred differed considerably 
with the several strains. These fluctuations might be accounted for, 
at least to a certain degree, by the fact that the technique for opsonic 
and agglutinative effect is much less susceptible to quantitative meas- 
ure than is the pneumococcidal test. 

Individual Variations 

^\^len the serum and leucoc}i:es from a single individual were tested 
with several types of pneumococci, striking variations in pneumococ- 
cidal action against different organisms were often observ^ed (Table 
III). This ranged from marked effect on one organism to none against 
another. Table IV gives a summary of the tests in 15 normal indi- 
viduals using three to four tjpies in each case.® Two e.vperiments 
included three different individuals each, the first six in the table, 
tested against all four t3q)es at the same time. Tests on individuals 
T. B., R. G., and G. S. were also carried out in one e.xperiment. The 
plus signs indicate degree of pneumococcidal effect, -f = killing of 
10“' of the standard suspension; -{ — h = 10“*, etc. The letters fol- 
lowing the signs designate the strain of organism employed. It will be 
noted (Table R') that in certain instances, the serum and leucocytes 
of one individual show marked killing power for an organism against 
which the blood elements of another person are without any effect. 

- This relationship did not seem to hold as closely when the tests were repeated 
months or a year following isolaUon. Certain strains, notably those of T\-pc H, 
had lost much of their growth capacity in human serum-leucoc>’te mbcturcs but 
still retained their mouse \irulencc. 

® In the majority of these experiments, the sera from different persons were used 
with leucocytes from a single indir-idual. This was possible because of the lad: 
of any detectable indiddual variations in the activity of the leucooTcs of normal 
human beings in the above tests. 
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These differences arc of such a magnitude as to preclude their being 
due to errors in technique. Furthennore they were corroborated by 

TABLE m 

Variations in Pncumococcidai Activity of a Normal Human Being's Scrum and 
Leucocytes for Several Types of Pneumococci 


Serum 0.2 cc. + leucocyte suspension 0.1 cc. + pneumococcus suspension 
0.1 cc. + gelatin Locke’s solution 0.1 cc. 


T>-pe 

Amount of 
pneumococcus 
suspension 

Growth as shown by methemosbbin formation at 

Survival of_ 
pneumococci 

at 72 hours 

15 hrs. 

•16 hrs. 

72 hrs. 

I 

10-^ 

1 

+ 1 

+ + + 

+ + + + 

+ 


10-1 

0 1 

0 

0 

0 


10-5 

0 

0 

0 

0 


10-« 

0 

0 

0 

0 


10-- 

0 

0 

0 

0 

1 

Ila 

10-' 

++++ 

j 

j 

+ 

(V Cooper) 

10-5 

++++ 



+ 


10-« 

++++ 



+ 


10-7 

++++ 



+ 

II 

10-1 

0 

0 

0 

0 


10-5 

0 

0 

0 

0 


10-5 

0 

0 

0 

0 


10-7 

0 

0 

0 

0 

Controls with serum only 

I 

10-7 

++++ 



+ 

Ila 

10-7 

+ 

++++ 


+ 

II 

1 

o 

++++ 



+ 


Plates of 10“^ dilution of tlie pneumococcus suspensions 


I 

No. of colonies 

114 


Ila 

It t< 


46 


II 

t( tt 

1 

it 

14 

_ 


repeated tests which gave essentially the same results. All persons 
tested possessed pneumococcus-killing blood properties of some degree 
for at least one type of organism while the majority showed them for 
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two or more.^ The only type for which every indi\ddual exhibited 
pneumococddal action was Type II. 

It was now of interest to determine whether these varying individual 
responses to different pneumococci depended on the particular strain 
used or on the tj'pe. Accordingly the serum and leucocjdes of five of 


TABLE TV 

Variations in Pneumococddal Activity of Serum and Leucocytes of N ormal Individual 
Human Beings for Several Types of Pneumococci 


Konnal 

indhndual 


Pneumococddal activity of blood for types 


m 


Ha (V Cooper) 




n 

M. A. C. 

0 

(El.) 

++++ 

(Vo.) 

W. R. 

0 

(El.) 

++++ 

G'o.) 

D. 

0 

(EL) 

+-!-+-[-+ 

G'o.) 

0. H. R. 

+++ 

(EL) 

++++ 

(Pa.) 

E. S. L. 

++++ 

(EL) 

++++ 

(Pa.) 

H. V. S. 

+ 

(EL) 


(Pa.) 

E.E. T. 

0 

(EL) 

+ + “{“++• (Pa.) 

N. 

++++ 

(EL) i 

— 


T.H. 

++++ 

(St.) 

++++ 

(Me.) 

T. B. 

+++ 

(Ai) 

+++ 

G'o.) 

R. G. 

++ 

(A<) 

++++ 

G'o.) 

G. S. 

0 

(Ai) 

++++ 

Go.) 

F. R. 

+++ 

(Ai) 

d — ! — 1 — i" 

G'o.) 

T. E. F. 

+++++ lAi) 

++-!- 

(Vo.) 

J. G. 

+++++ (A,-) 

+++ 

(Vo.) 


+++++ 

(Ca.) 

; 0 (Ea.) 


(Ca.) 

1 0 (Ea.) 

+++ 

(Ca.) 

1 +-f (En.) 

0 

(,McT.) 

+ (Eo.) 

++ 

(JIcT.) 

+-f ++-f (En.) 

0 

(McT.) 

0 (En.) 

+++ 

(NcT.) 

++-}-4-4- (En.) 
0 (Ea.) 

++++ 

(CL) 

— 

++++ 

(CL) 

Group TV’ 

0 

(Q.) 

0 (Ho.) 

1 ++ 

(CL) 

“ 

+++H — k (Zi.) 

— 

++d-k+ (ZL) 

— 


-f, killing of 10“* of the standard suspension, -r-r, killing of 10”^ of the 
standard suspension. + + -f, killing of IQ-® of the standard suspension. Etc. 
Letters in parentheses indicate strain of pneumococcus. 

— , not done. 


the above persons were tested trith three separate strains of each tj’pe. 
Two of tlie individuals, E, S. L. and T. B., showed a well marked killing 

* In an c-arlicr paper on natural immunity to pneumococci (-4) human beings 
were included in the group of mammals rclati%-ely susceptible to pneumococcus 
infection. This erroneous conclusion resulted from the finding that the serum of 
the several human beings tested showed no opsonic action for the single strain of 
pneumococcus used, a \-irulent T>'pe I. 
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action for all of the types used. The results recorded in Table V seem 
to indicate that type is the conditioning factor. While there occurred 
variations in degree of reaction between tlic different strains yet by 
and large these were less than tlie differences between t}TJes. How- 
ever, certain strains showed more growtli activity in the serum-leuco- 
cyte mixture than others. Two of tliese, R., a Tjqie I and McT., a 

TABLE V 


Comparative Pucuinococcida! Poiucr of Individuals' Scrum and Leucocytes for 
Different Strains of Several Pneumococcus Types 


Normal 

individual 

Pneumo- 

coccus 

type 

Pncumococcidal activity for different strains 

M. A. C. 

I 

0 

(El.) 

0 (Ri.) 

+ 

(As) 


II 

++++ 

(Vo.) 

+ + + + (Pa.) 

+ + + 

(Me.) 


in 

++-1-1- 

(Ca.) 

+++ (McT.) 

++ + + 

(B.) 


Ila* 

0 

(En.) 

+ (Br.) 

+ 

(LV.) 

W. R. 

I 

++ 

(El.) 

0 (Ri.) 

++ 

(As) 


II 

+++++ (Vo.) 

+++ + + (Pa.) 

+++ 

(Me.) 


III 

++++ 

(Ca.) 

+ + (McT.) 

++++ 

(Bi) 


Ila* 

0 

(En.) 

+ + (Br.) 

+ 

(LV.) 

E. S. L. 

I 

++++ 

(El.) 

+ (Ri.) 

+++ 

(Bio) 


II 

++++ 

(Vo.) 

++ + + + (Pa.) 

++++ 

(Jle.) 


III 

+++++ 

(Ca.) 

+ (McT.) 

+ + + + + (Bi) 


Ila* 

+++ 

(En.) 

+ + + + (Br.) 

+++++ (LV.) 

T. B. 

I 

H — 1 — 1 — 1 — t- 

(McC.) 

++++ (Al.) 

1 

+ + 

(As) 


II 

+++ 

(Vo.) 

+++++ (Pa.) 

+ + +++ (Me.) 


III 

++-| — h 

(Cl.) 

+++++ (Zl.) 

++++ 

(Ha.) 

G. S. 

I 

0 

(McC.) 

+ (Al.) 

+ 

(As) 


II 

+++ 

(Vo.) 

++ (Pa.) 

+ + 

(Me.) 


III 

+ 

(Cl.) 

0 (Zl.) 

0 

(Ha.) 


* Type V Cooper. 


Type III were consistently inhibited to a decidedly less degree than 
were the other members of the same type, which suggests that these 
strains were of liigher human virulence.® 

® Thej’’ were not included with the freshly isolated strains as they had been se- 
cured a number of months earlier. 
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DISCUSSION 

The above study while comprising only a relatively small number of 
pneumococcus strains, affords no evidence than any one type of pneu- 
mococcus is of higher virulence for hiunan beings than the others. In 
fact, the pneumococcidal potency of the pooled normal human serum 
and leucocytes exhibits a surprising uniformity for the several types 
of pneumococci. Variations shown for different strains were not con- 
fined to any one type. Possibly the inclusion of a larger number of 
the members of Group IV would show that these organisms have, as a 
class, a lesser growth capacity in normal human serum and leucocytes 
than the so-called fixed types, although the recent reclassification of 
Group W and Type II atypical pneumococci by Cooper, Edwards and 
Rosenstein fS) indicates that a considerable percentage of these organ- 
isms are to be considered as highly pathogenic as the members of 
Types I, n, III. 

Clough’s (6) findings that the serum of certain normal human beings 
showed mouse protective properties which differed in degree against 
the several types of pneumococci suggested that natural humoral anti- 
pneiunococcus immunity, in man, is characterized by fairly wide indi- 
vidual variations. Our findings support this supposition and further 
indicate the nature of man’s natural humoral immuni ty. 

It is, of course, recogmzed that resistance to pneumococcus infection, 
particularly that of the lungs, is dependent upon factors both local 
and general in addition to the pneumococcus-killing power of the blood. 
But with the present lack of appropriate methods we have no means 
of estimating the functional activity of these other defense processes 
such as the elhmnatory function of the lungs, the phagocytic actiwty 
of the fi.xed macrophages, etc. ; of knowing which is the principal and 
which the secondarj’’ means of defense. However, in %aew of the 
studies on experimentally infected animals referred to earlier, in which 
a dose correspondence was found to e.xist between resistance to pneu- 
mococcus infection and the pneumococddal power of their blood it 
seems fair to assume that the presence of this same property in the 
blood of human beings indicates their capadty to combat invasion b\' 
pneumococci in any part of the body to which the blood has free access. 

In relation to the high mortality' of lobar pneumonia caused by 
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Pneumococcus Type II it was surprising to find tliat the group of 15 
normal indmduals tested showed a more constant pneumococcidal 
power for organisms of tliis type tlian for those of other types. That 
this result is not to be attributed to the employment of strains of 
relatively low human pathogenicity is indicated by the fact that two 
of them were isolated from the blood of fatally terminating cases, one 
a fulminating case dying within 48 hours. However, there is some evi- 
dence to suggest that the rirulence of these Type II strains for human 
beings may have diminished before being employed in the tests with 
normal indi\iduals. When first isolated the t\vo blood strains w'ere 
killed by the pooled sermn-leucocyte mixtures in quantities of tire 
suspension only to 10”®. Tw'o months later they w'ere killed by the 
blood of normal individual hurnan beings in quantities of 10”^ or 10”® 
yet their mouse virulence appeared to be unaltered. 

That an individual should exliibit such marked variations in pneu- 
mococcidal activity for the different types of pneumococci is of par- 
ticular interest in view of our previous findings in other pneumococcus 
resistant mammals. Wlrile an occasional deviation was observed in 
tests on dogs and cats it was slight in degree compared to those found 
in this study. The reactions of the human serum-leucocyte mixtures 
are much more comparable in this respect to those of a pneumococcus- 
susceptible animal sudi as the rabbit which shows marked individual 
fluctuations both in resistance to pneumococcus infection and in con- 
centration of natural humoral iimnune bodies for different pneumo- 
coccus types. iVhether or not these apparently specific reactions of 
the human blood elements depend on the presence of distinct opsonins 
for the several types of pneumococci we have not determined. Our 
knowledge of the nature of this reaction suggests that such is tire case 
(4). Sia’s recent finding of specific opsonins and mouse protective 
substances in normal pig serum against Pneumococcus Types I, II 
and III lends support to this view (7, 8). 

There has appeared as this manuscript was about to be sent for 
publication a paper by Ward (9) dealing with the pneumococcidal 
power of the defibrinated blood of nonnal persons for different t}q)es 
of pneumococci. While Ward’s technique varied considerably from 
ours and no mention is made of the source or time of isolation of the 
pneumococcus cultures used, his findings of a wide variability in blood 



O. H. ROBEETSON AND M. AGNES CORNWELL 


277 


pneumococddal activity between several individuals for a given t}’pe 
and in a single person for tbe three types of pneumococci agree essen- 
tially with our observations on these points. 

SUMMARY 

With a view to obtaining information as to the virulence of pneumo- 
cocci for human beings a study was made of the pneumococddal action 
of normal human serum-leucocjde mixtures for freshly isolated strains 
of pathogenic pneumococd. It was found that human beings as a 
group showed well marked pneumococcus destroying power in their 
blood for all types of organisms studied. Individuals, however, 
exhibited node variations m their reactions against the different t}'pes. 
These ranged from marked killing effect for one type of pneumococcus 
to none or slight against another. WTule reactions against different 
strains within the type often varied considerably this difference was 
less, on the whole, than that between types. An interpretation of 
these findings in the light of previous animal experiments in which 
actual determination of resistance to pneumococcus infection was 
made leads to the inference that human beings in general possess a 
considerable degree of natural immunity to all t)^es of pneumococci 
but that individuals may be relatively susceptible to one or more 
types and at the same time resistant to others; also that pathogenic 
strains of pneumococci vat)’- much in their virulence for man. 
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In the course of studies in the experimental production of giant 
cells in the tissues, reported by Doan, Sabin and Forkner (1), the 
writer discovered a procedure by which giant cells could be made to 
appear in the blood stream. This new material gave valuable e\d- 
dence concerning the formation of giant cells, more especially of those 
of the so called foreign body and epithelioid types. 

As far as can be ascertained, no one has hitherto reported a method to induce an 
appearance of giant cells in the blood, and no such cells have been found there, 
e-tcept megakan'ocj’tes, which were reported by Oelhafen (2) and Naegeli (3) in 
1914, by Minot (4) in 1922, by Sabin (3) in 1923, and by others. The usual con- 
dition in which they have been found is myelogenous leucemia. 

Haythom (6), in a recent review, has classified giant ceUs as follows: (a) 
Langhans’ giant cells, (b) foreign body giant cells, (c) osteoclasts, (d) megakar>-o- 
Q’tes, (e) muscle giant cells, (f) giant cells of ner\'ous tissue, and (g) true tumor 
giant cells. -It is relative to the first two of these U-pes that this paper is concerned. 

.\s early as 1868 Langhans (7), working with fresh tissues, demonstrated large 
multinucleated cells obtained from tuberculous lesions. For the most part the 
nuclei were arranged around the peripherj- of the cell, w-ere usually round or oval, 
had sharp outlines and generall}- contained nucleoli. He stated that the proto- 
plasm of such a giant cell was pale, homogeneous, or finely granular, with the center 
usually clear. This tjpe of cell has since been designated the “Langhans’ giant 
cell.” However, some confusion has arisen because he also described another 
t>pe of giant cell which had nucld distributed throughout the c>’toplasm. 

For reasons given by Doan, Sabin and Forkner (1), the term "epithelioid giant 
cell'' has been proposed to replace the often misunderstood term of Langhans’ giant 
cell. This concept of the “epithelioid giant cell” is based on new information 
obtained through the methods of studying Using cells with supravital (Simpson, 8) 
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(Sabin, 5) and vital stains. It was first demonstrated b}’ Sabin, Doan and Cun- 
ningham (9) that tlie epithelioid cell is derived from the monocj’te. The supra\’ital 
technique showed that in the monoc 3 'te, surrounding its centrosphere, is a char- 
acteristic rosette of vacuoles, slainablc in the living state with neutral red. An 
accentuation of tliis normal structure of the monocyte produces an epithelioid 
cell. Cunningham, Sabin, Sugi_vama, and Kindwall (10) then confirmed the find- 
ings of otlier investigators that the Langhans’ giant cell is a multinucleated epi- 
tlielioid cell. 

In general there have been two opinions concerning the types of cells under dis- 
cussion. One group of investigators, among them Ziegler (11), Kockel (12), 
Hektoen (13), Maximow (14), and Medlar (15), believe that the Langhans’ giant 
cell is merely a foreign body giant cell occurring in tuberculosis. Kruckmann (16) 
studied giant cells in tuberculosis, about parasites and foreign materials, and in 
tumors. He concluded that microscopic means were not available by which 
foreign bodj’’ giant cells and Langhans’ giant cells could be distinguished. Lang- 
hans (7), Jacobson (17), Lubarsch (18) and others, however, believe that the 
giant cell of tuberculous tissue can be distinguished from all otlier kinds. 

Concerning tlie mode of origin of the foreign body and epithelioid giant cells 
there has been some disagreement. Weigert (19), Baumgarten (20), Bakdes (21), 
Lubarsch (IS) , andothers were of the opinion that giant cells of tuberculous lc.sions 
were formed by continued nuclear division. Krauss (22), Mallory (23) and Wells 
(24) are among those who favor fusion of individual cells as tlie e.xplanation for tlie 
formation of tlie types of cells under discussion. Lewis and Webster (25) in 1921 
believed that epithelioid giant cells were formed b}' amitosis of the nucleus, but a 
later paper by Lewis (26) takes the opposite xdew, that they are formed by fusion 
of epithelioid cells. 


Materials and Methods 

The experiments reported in this communication have been carried 
out with the use of the methods of supravital and vital staining. 
Because of some recent minor modifications in the methods used in 
Dr. Sabin’s laboratory, the solutions of dyes employed and tlieir 
method of preparation wiU be described in detail. 

We are now using sLx different solutions for our routine work. Solution 1 is 
prepared by dissolving 125 mg. of vital neutral red (Grubler) in 50 cc. of neutral 
absolute eth}d alcohol. This makes a 0,25 per cent solution which is saturated. 
It ma)’^ be stated here that neutral red (Ehrlich) certified for use in vital staining 
as prepared by the National Aniline and Chemical Companj", New York, is a 
thoroughly satisfactory d 3 'e which can be substituted for neutral red (Grubler). 
Solution 2 is prepared b 3 ’’ dissolving 125 mg. of vital Janus green (National Aniline 
or Grubler) in 62.5 cc. of neutral absolute eth 3 d alcohol, thus making a 0.20 per 
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cent solution which likewise is saturated. By adding 50 drops of Solution 1 to 
10 cc. of neutral absolute ethyl alcohol, we prepare Solution 3. Solution 4, a 
mixture of neutral red and Janus green, is made by adding 2 drops of Solution 
2 to 3 cc. of Solution 3. 

For the studj' of blood or other tissues, where cells to be stained are relativelj’ 
few in number, we prepare slides in the manner described by Sabin (5). This is 
accomplished as follows; (a) by means of a pipette, flood the upper surface of a 
slide chemically clean with Solution 4; (b) drain excess of dye back into bottle by 
holding slide in an upright position; (c) absorb the excess of dye on the dependent 
edge of the slide with blotting material; (d) evaporate the remaining alcohol on the 
slide by immediately holding it over a piece of wire gauze under which a gas flame 
is burning. There is no objection to burning the excess of alcohol from the slide. 
The stained surface of the slide is then marked with a wax pencil and the slides 
are stored for use. Some investigators in the past have experienced difficulties in 
obtaining an even distribution of the d)’e over the slide, particular!}' when there is 
a high degree of humidit}' in the atmosphere. Preparing the slides as described, 
in artificially dried air, obviates these troubles, leaving a thin, even film of the dye. 

For study of bone marrow, lymph nodes, or other tissues where there is an 
abundanceof colorless cells to be stained, two more solutions are required. Solution 
5 is prepared by adding 150 drops of Solution 1 to 10 cc. of neutral absolute ethyl 
alcohol. Solution 6, a mixture of neutral red and Janus green, is made by adding 
8 drops of Solution 2 to 3 cc. of Solution 5. Thus Solution 6 contains approxi- 
mately three times the amoimt of the dyes as Solution 4. Slides are prepared with 
Solution 6 in precisely the same manner as with Solution 4. The latter solutions, 

4 and 6, being mixtures of neutral red and Janus green, deteriorate after about 
24 to 48 hours and must be freshly prepared each time they are needed. The 
remaining solutions are stable and are best kept in glass stoppered bottles in a cool, 
dark place. Care must be exercised to make sure that the pipettes and bottles^, 
used are free of alkali. If an excess of alkali is present, the neutral red solution 
will become a muddy yellow color. 

Blood films in these suprarital studies are prepared by obtaining a drop of blood 
on a dean coverslip and letting it fall gently on the slide prepared from Solution 4. 
The film is quickly rimmed with vaseline (salvohne) and in the course of from 3 to 

5 minutes is ready for study. The films are best studied in a constant temperature 
box at 38° or 39°C. For the study of the cells of organs such as the omentum or 
subcutaneous tissues, thin films of the intact tissue may be spread over slides 
prepared with Solution 6. If the organs arc too dense or too thick to be spread 
intact over a slide, the cut surface of the fresh tissue, for example, lung, Iv-mph 
nodes, etc., is scraped with a sharp scapel and the tissue accmnulating on the knife 
blade is placed on a slide prepared from Solution 6. If the tissue is very dry a 
drop of plain normal salt solution or norma! salt solution moderatdy colored ^rith 
neutral red may be added to suspend the cells. A coverslip is then applied as 
above and is rimmed with vaseline. Material prepared in this way pro'.'idcs a 
thin enough film so that the indiridual living cells can be studied. For our 
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purposes, tissues fixed in Hellej^’s fluid, embedded in paraflin, and stained by the 
usual methods were used to supplement the supravital studies. 

The fundamental experiments dealing with giant cells were 
carried out on the blood and tissues of rabbits wliich had been injected 
with various substances, namely, agar, lycopodium spores, parafhn, 
olive oil, mineral oil, Imng tubercle bacilli, and certain lipoid frac- 
tions isolated from tubercle bacilli. These latter substances were 
obtained from Dr. R. J. Anderson of the Sterling Chemical Labora- 
tories of Yale University, through the Research Committee of the 
National Tuberculosis Association. A full account of these reactions 
has been presented by Doan, Sabin and Forkner (1). None of tlie 
substances studied produced giant cells in the circulating blood, 
except agar. Consequently the development of this special phase of 
the giant cell study is here presented separately. 

Experimental Data 

The early experiments in which relatively small amounts of agar 
were introduced into the tissues produced no significant changes either 
quantitative or qualitative in the cells of the blood. However, since 
the local tissue response was so profound such large numbers of mono- 
cytes and giant cells having been produced, the possibility presented 
itself that a larger and more disseminated foreign body reaction might 
carry over the tissue response to the blood. This theory seemed to 
have merit since it was known from experience in this laboratory that 
certain diseases, notably tuberculosis, are often associated with the 
finding of pathologic tissue elements, epithelioid cells, in the circulat- 
ing blood. 

Accordingly, an animal, R 790, was injected, on February 25, 1929, 
with plain sterile agar in many areas under the skin and intraperi- 
toneally. 

A total of 40 cc. of the agar at pH 7.4 was introduced. Incidentally this ani- 
mal was given frequent intravenous injections of tr 3 '^pan blue in order that the 
reactions of the giant cells of the tissues to this vital dye might be studied. Their 
responses are discussed elsewhere (1). Let it sufiice to say that the tr}'pan blue 
did not materially influence the blood picture in this animal, except that it may 
have been responsible for the increased number of macrophages. 

The blood had been examined prior to the injections, but was not studied again 
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untU 1 week later (March 4). At this time there was a slight reduction of the 
hemoglobin and number of red corpuscles. The total white blood cell count was 
not changed. Monocj'tes were distinctl}' high (21 per cent) and the Ijinphocptes 
were lower than they had been in the control period. The blood platelets were 
clustered in large masses. Some individual blood plates were larger than normal. 
The platelets were undoubtedly greatly increased in number. The blood contained 
11 per cent of clasmatocjdes (macrophages) which were usually large cells with 
single, centrally placed nuclei. Their cj'toplasm contained debris of various 
shades of color and various sizes and shapes. The presence of the large number of 
these cells on this occasion may be explained as the result of the injection of txj'pan 
blue. Such phenomena have been studied and reported by Simpson (8). The 
character of the mouocjdes on this and subsequent daj's was of great interest. 
Many of them were much larger than normal, possessed round or oval nuclei, 
often udth two or three nucleoli, and each cell contained a rosette of exceedingly 
fine uniform neutral red bodies. In some instances the rosettes were small, whereas 
in others they were hjiiertrophied, making a stimulated monocjq;e which is a transi- 
tion between a normal monoc}-te and an epithelioid cell. These forms are en- 
tirel 3 ' similar to the developing monocjdes which Forkner (27) has described and 
illustrated as normal elements in peripheral Ijinph nodes of rabbits. Another 
interesting change was noted in the pol>morphonuclear neutrophils. Many of 
these cells had a decreased number of specific granules and contained more neutral 
red bodies than are normally present. These neutral red bodies normallj' are 
round or globular whereas after agar injections the same bodies are present and in 
addition many larger, often elongated, non-refractive vacuoles or granules. 

Besides these changes in the usual blood cells, typical multinucleated giant cells 
could be found in every smear on this and subsequent daj'S until the animal was 
autopsied on March 18, 1929, 3 weeks after the agar injection. The photograph 
of one of these cells is illustrated in Fig. 1 1 . This cell had about 25 nuclei scattered 
through all parts of the cytoplasm. There was an area near the center of the 
cell which was probablj’ agar. It was a homogeneous amorphous material which 
had a purple tint. It had apparently taken on some of the trypan blue as the 
agar masses in the tissue had done. The nuclei near the periphery' tended to be 
oval, whereas the others were round in shape. Indi^’idual nuclei were quite uni- 
form in size and were somewhat larger than red blood corpuscles. Some of them 
contained nucleoli. The cytoplasm contained scattered, irregular masses of 
materia! staimng all shades of red, yellow, and brown. There was no pattern to 
the arrangement of the material stained with neutral red. 

Fig. 9 represents a cell from the peripheral blood of this animal. A coarse mass 
of agar is seen to lie across the center of the cell and on either side are segregation 
bodies entirely similar to those encountered in epithelioid cells and monocytes. 
One can. in fact, make out two areas in which the arrangement of the vacuoles 
suggests rosettes of neutral red bodies in the upper part of this cell, indicating a 
possible fusion of two or more mononuclear or polynuclear cells around the large 
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mass of agar. This last cell (Fig. 9) is difllcult to classify in one or the other group, 
but on the whole it is more like a foreign body giant cell. 

Another interesting group of cells from Rabbit R 790, shown in Fig. 4, illustrates 
how the giant cells may be formed or how they may be disintegrated. In this 
figure are three stimulated monocytes which have fused together about a blue mass 
of agar. When first seen this group had an almost spherical cell membrane sur- 
rounding the three cells and tlie agar. The}' were obsen'cd in the warm bo.-r for 
about 2 hours and were seen to separate into three distinct living cells with only a 
thread of cytoplasm connecting them. The agar was left free between them. 
This phenomenon may represent the fate of foreign body giant cells by disin- 
tegration into separate uninuclear cells. Other instances have been obsenxd 
where giant cells of the foreign body t}'pc could be seen to be composed of many 
individual monocytes with other monoc}’tes or epithelioid tA’pes nearby, appar- 
ently fusing to form a giant cell (Figs. 12 and 13). It would appear then that tliis 
is evidence similar to that recorded by Hektoen (13). He studied healing, non- 
degenerative tuberculous tissue of the brain and found that many giant cells are 
disintegrated into mononuclear cells which retain Uieir function. It is not clear 
from his te.'^t whether the giant cells which he observed as separating into mononu- 
clear elements were according to the classification here employed “epitlielioid 
giant cells” or foreign body giant cells. I have found no e\ndence for this phe- 
nomenon in “epithelioid giant cells.” Later Hektoen (28) supported his former 
view by observing the same phenomenon in tlie fate of the giant cells which form 
in the absorption of coagulated blood serum, in the anterior chamber of the rabbit’s 
eye. In these latter e.vperiments it seems that be was probably dealing with the 
foreign body type of giant cells. 

Rabbit R 579 was injected with agar as the previous animal had 
been^ but no dye was introduced. 

A preliminary study of the blood before the injection showed a normal formula. 
There were 7,600 white blood cells and 5,250,000 red blood cells per cubic milli- 
meter. There were 11 per cent monocytes. 2 days after the injection of agar, 
the monocytes rose to 20 per cent and increased in total number from 836 to 1,580 
per cubic millimeter. 6 days after the injection, monocytes became more numer- 
ous than any other cell, increasing to 49 per cent or 5,120 cells per cubic millimeter. 
A chart (Chart 1) makes this reaction clear. In this e.\periment, there was a 
reciprocal relationship between the numbers of monocytes and lymphocytes. 
As in the preceding experiment, many of the monocytes were of the young type, 
larger than the adult cells, possessing round or oval nuclei with nucleoli and hav- 
ing an extraordinary abundance of delicate mitochondria. Some of the mature 
monocytes contained coarse irregular brownish bodies in their cytoplasm, whicli 
were probably pieces of agar undergoing digestion. 

Giant cells were seen in the blood on the eighth and ninth da 3 's. On the eighth 
day enough were present to be recorded in the differential count on a percentage 
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basis; on the ninth day, only an occasional cell in an entire film, indicated on the 
chart by a + sign, was seen. One of these was drawn (Fig. 6). It is clearly of 
the foreign body type with scattered nuclei and abundant irregular masses of 
material in the cj'toplasm, probably agar imdergoing fragmentation and disintegra- 
tion. The nuclei contained definite nucleoli, aiitochondria were present and 
easily seen near the periphery of the cell. Adjoining this cell but not fused with 
it is a monocyte containing the same kind of material as in the giant cell. It is 
apparent that the larger cell might easily be considered as representing a fusion 
of manj'- of the individual monoc 3 ’tes. Another cell was drawn (Fig. 7) which has 
a central rosette and three peripheral nuclei. The material in the cj-toplasm is 



ChaktI. Graph of thewhite blood cells of Rabbit R 579. The arrow indicates 
the time at which 40 cc. of sterile plain agar was given in many subcutaneous areas 
and intraperitoneally. For giant cells the s>Tnbol -b means the presence of an 
occasional giant cell in an entire preparation; the soUd blocks indicate their per- 
centages when sufficient to appear in the differential count, 

not tj'pical of an epithelioid cell. It looks much more like a small foreign body 
giant cell. It is impo^ible to say whether this giant cell has arisen by fusion of 
independent elements or has formed by division of the nuclei. Fig. 8 represents a 
small foreign body giant cell of the same t>'pe as Fig. 7, but containing much 
coarser bodies. The nuclei are flattened out against the cell wall. This cell, 
together with that shown in Fig, 7, illustrates that one can not always identify 
this t\-pe of giant cell by the peripheral arrangement of the nuclei. In order to 
differentiate them properly one must study all of the cellular organs. The presence 
of a central rosette of fine neutral red bodies aids materially and is probably the 
most important single factor in the separation of “epithelioid pant cells” or the 
so-called Langhans’ cell. The lungs of this and the other animals were studied in 
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sections. Numerous ©ant cells were easily seen in the smaller capillaries. Fig. 14 
illustrates one of the giant cells in the limg of this animal. 

Rabbit R 580 received the same t>T)e of injections as R 790. 

Trj-pan blue (1 per cent solution in distilled water) was given intravenously or 
intraperitoneally in 4 to 10 cc. doses everj' second day and in addition the animal re- 



CnART 2. Graph of the white blood cells of Rabbit R 5S0. The arrow indicates 
the time at which 40 cc, of sterile plain agar was introduced subcutaneously and 
intraperitoneally. At this point injections of ttapan blue were begim and were 
continued on cver>- second day, 

ceived plain agar into many areas of the subcutaneous tissue and peritoneal ca\ity. 
Prior to the injections the cells of the blood were entirely normal (Table I, Chart 2), 
There were 1 1 ,000 Icucocj'tes per cubic millimeter. However, on the day follow- 
ing, the total Icucocj’tc count rose to 45,500 cells per cubic millimeter — an increase 
of over 400 per cent. This rise was chiefly brought about by the mo.noc>'tic strain 
of cells. The ncutrophilcs also increased somewhat, but the hunphocy te cur.-e 
descended, their number being represented by o.n’y 4 per cent of the total white 
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blood cells. At the height of the reaction there were over 17,000 monocytes in 
each cubic millimeter of blood. Manj' of these monocytes were of the young tj^ic 
previously described. Some of the monocytes and neutrophiles appeared to con- 
tain fragments of agar. Many of the neutrophiles had lost a considerable portion 
of their specific granules. There was a tendency for the lcucoc 3 'tcs to be clumped 
in large masses. Some of the young monocytes contained two oval nuclei. 



Chart 3. Graph of the white blood cells of Rabbit R 967. The first arrow 
shows the time at which the rabbit received 1 mg. of avirulent tubercle bacilli 
intravenousl)^ This presumably did not modif)’’ any of the changes found in the 
chart. The second arrow indicates the time at which 40 cc. of sterile plain agar 
was administered subcutaneously and intraperitoneall}\ At this time also injec- 
tions of trypan blue were begun and thej' were continued every second day. 

2 days after the agar injection, the total leucocyte count was 21,900 per cubic 
millimeter, but tlie percentage of monocytes \vas even higher (40 per cent). The 
accompanying table and chart (Table I, Chart 2) will make these changes clear. 
3 days after the beginning of the experiment the total white blood cell count was 
again elevated to 42,850 cells per cubic millimeter, but there w'ere no significant 
changes in the percentages of cells except a rise of Ijunphocytes from 4 to 11 per 
cent. Giant cells of both types began to appear in the blood and could be found 
in practically every smear thereafter. 6 da}fs after the injection, a mild leucopenia 
set in with the monocj'tes constituting about 14 per cent of the cells. 
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Rabbit R 967 was interesting because it showed giant cells in large 
niunbers in the blood stream. 

On March 16, 1928, the animal received an intravenous injection of 1 mg. of 
avimlent tuberde bacilli which did not produce progressive tuberculosis and which 
presumably caused no significant changes in the blood picture to be described. 
The blood picture was normal on March 25 when intravenous injections of tij-pan 
blue were begun and continued every second day for nine doses. This may ac- 
count for the presence from time to time of from 3 to 5 per cent of clasmatocytes 
(macrophages) in the blood. The animal was injected with plain agar in a number 
of areas on March 28. The chart and table (Table I, Chart 3) show the changes 
in the total number and percentage values of the cells. The chief result of the injec- 
tion on the blood was a rather striking and prolonged rise in monocytes together 
with a maintained decrease in the percentage and absolute number of hmaphocytes. 

This animal differed from the preceding one in that there was no sharp rise in 
total leucocj'tes within a short time after the injection. However, there did ckcut 
the marked elevation of percentage of monocytes. This increase was found on the 
second day and persisted for 1 week during which time the monocytes ranged from 
34 to 42 per cent of the circulating white blood cells. During the ne.vt 2 weeks 
monocytes remained abundant, varjring between 9 and 33 per cent. Giant cells 
occurred in the blood 2 days after the agar injection and were found in every film 
of blood until autopsy 17 days later. They frequently were so numerous as to 
constitute 2 or 3 per cent of the total number of leucocj'tes and on one occasion 
reached as high as 7 per cent. It was not imcommon to find two in a single high 
power field of the microscope. Most of the “epithelioid giant cells” contained 
from 2 to 7 nuclei (Fig. 15) but an occasional one had from 10 to 14 nuclei; the 
foreign body giant cells, on the other hand, contained from 2 to SO nuclei, many 
of them having from 15 to 30. 

Fig. 2 illustrates what might be called a mononuclear giant cell of the blood. 
It measured 26.7 by 31.4 microns, about twice the size of an ordinary monocyte. 
It had a large indented nucleus with a nucleolus, a definite rosette of fine neutral 
red bodies, together with nuraberlesss delicate mitochondria. This cell would 
fall into the monocyte group and would be further qualified by saying that it is a 
young stimulated form. If the rosette were slightly larger we would call it an 
epithelioid cell. 4 days after the injection, when monocytes constituted 41 per 
cent of the white blood cells, this tj^pe of cell, the young, large, stimulated form, 
W.TS very' abundant. Cells entirely identical with this except for the presence 
of 2, 3, or more nuclei were frequently found. Fig. 3 illustrates one of these epi- 
thelioid gi.ant cells with 9 nuclei. .All intennediate stages between the cells repre- 
sented by Figs. 2 and 3 could readily be demonstrated in the blood. 

At first the mechanism by which the giant cells reached the periph- 
eral veins was not understood for some of these cells were more than 
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50 microns in their smallest diameters. It is difficult to conceive how 
these cells could find tlieir w'ay through the capillaries of the lungs 
and then into the systemic circulation. Figs. 5 and 10 illustrate how 
tliis phenomenon is accomplished. The cell in Fig. 10 was taken from 
the peripheral ear vein of Rabbit R 967 and show’s that these giant 
cells are not rigid but tliat they may become elongated to such an 
e.\tent as to pass through very small capillaries. Fig. 5 W'as from the 



Chart 4. Graph of the white blood cells of Rabbit R 939. The arrow indicates 
the time at which 40 cc. of sterile plain agar was injected into the subcutaneous 
tissues and into the peritoneal cavity. 

central artery of the ear of Rabbit R 939 and illustrates the apparent 
ease with which the cells may make their way tlnrough the capillary 
bed. 

The next experiment which was tried was to mark the agar in sorne 
way in order that it might be identified when it was transported within 
cells and to distant parts of the body. This was carried out by adding 
to the 40 cc. of agar to be injected 10 cc. of Higgins’ India ink. This 
was mixed carefully and made an intensely black preparation. 
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Rabbit R 939 was chosen for the experiment. The count prior to the injection 
showed the animal to have 23 per cent, an abnormail}'- high value, of monocj-tes 
(Table I, Chart 4). On the day following the injection, the total leucocj-tes rose 
to 26,100 cells per cubic millimeter. The monocj'tes rose and remained high for 
several days. Giant cells of both types appeared in verj- small numbers in the 
blood on the second da}' and were found on several occasions over a period of 
2 weeks. Occasionally a few granules of carbon could be seen in the giant cells, 
but not as much as was e.Tpected. Fig. 1 shows an epithelioid giant cell taken 
from the arterial blood, which has several definite fragments of agar containing 
carbon. The autopsy on this animal demonstrated that the carbon had not been 
as evenl}' distributed in the agar as was e.xpected. The giant cells immediately 
adjacent to the ink deposits contained it in great abundance, but most held rela- 
tively little. 

Many more animals were subjected to similar experiments with 
agar and with other substances. It was not possible to induce regu- 
larly an appearance of cells in the blood with any of the substances 
used e.xcept agar. In one animal which had been injected with large 
amounts of lycopodium spores, one giant cell was found in the blood 
on a single occasion. This finding could not be repeated. 

DISCUSSION 

These studies on the peripheral blood have made it possible to form 
definite ideas about the origin and development of “epithelioid giant 
cells” and of foreign body giant cells. It becomes necessar}' to con- 
sider these elements histologically as tw'o groups of cells w'hich have 
a common origin from monocytes. Under the conditions of these 
e.\periments it appears that the great majority of foreign bod}' giant 
cells are formed by the fusion of monocj’tes, and that the majority of 
“epithelioid giant cells” are formed by amitotic diw’sion of the nucleus 
or nuclei of epithelioid cells which latter elements are monocytes of 
large size, with hj’pertrophied rosettes. The results of the studies 
would thus confirm the theories of both schools of pathologists, of 
those who consider that giant cells are the products of fusion, and 
those who maintain that they form by dixlsion of the nuclei. The 
difference of opinion on this point has resulted doubtless from the 
failure to recognize that in almost evcrj' tissue reaction which pro- 
duces giant cells, both tj'pes are present, but that their relative num- 
bers assume different proportions according to the character of the 
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substances wliicli excite the response. No evidence has been observed 
in these studies to support the theory that epithelioid giant cells are 
formed by the fusion of individual cells. On the other hand, many 
epithelioid cells and “epithelioid giant cells” with partially divided 
nuclei, and others which appeared as though the nuclei had recently 
divided amitoticall}’’ have been seen. 

Regarding the fate of giant cells, no definite conclusions are possible 
but these studies lend support to the conclusion of Hektoen (28) that 
foreign body giant cells may separate into their constituent elements. 
No evidence is available that “epithelioid giant cells” undergo a 
similar process. 

The occurrenceof the two tj^jes of giant cells in the circulating blood 
may be explained in either of two ways. They may be formed in the 
blood vessels in the neighborhood of the foreign body reaction, or they 
may form extravascularly and migrate into the vessels. The latter 
explanation would appear more tenable, for giant cells are to some 
extent motile, and can become so elongated that passage through die 
capillary walls should be entirely possible. Furthermore, it would be 
difficult to explain the presence of large pieces of agar in the cells, as 
shown in Figs. 4 and 9, by any other hypothesis than that they have 
been carried within cells from tlie tissues into the blood. 

SUMMARY AND CONCLUSIONS 

1. It has been demonstrated that giant cells of the foreign body 
and epithelioid types can be induced to appear in the blood stream. 

2. Evidence has been presented which indicates that foreign body 
giant cells are primarily formed by fusion of monocj'tes and that the 
fate of these giant cells is accomplished, at least in some instances, 
by a separation into the constituent elements. 

3. Further evidence has been presented which lends support to the 
hypothesis that “epithelioid giant cells” reach their stage of evolution, 
not by fusion of monocytes, but by amitotic division of the nuclei of 
monocytes and epithelioid cells. 

4. The presence of giant cells in the peripheral blood as the result of 
agar injections is almost invariably associated with, or preceded by a 
marked monocytosis in which the new monocytes are of large size and 
show evidence of immaturity. 
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5. Injections of agar into the tissues result in decreased absolute 
and percentage values of lymphocj’tes and a diminution of the specific 
granules in many of the polymorphonuclear leucocytes. 

6. It would appear from these studies that a dear differentiation of 
“epithelioid giant cells” and “foreign body giant cells” in the blood is 
usually possible, but that on the other hand, a few cells may be present 
which have some of the characteristics of each type. These latter cells 
probably represent in their formation both a fusion of individual cells 
and an amitotic division of the nuclei of monocytes. 

7. Clasmatocytes or macrophages have in rare instances been seen 
to take part in the formation of foreign body giant cells. At least one 
instance has been noted of the fusion of a clasmatocyte with several 
monocytes. No evidence is available to demonstrate that macro- 
phages ever play a part in the formation of “epithelioid giant cells,” 
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EXPLANATION OF PLATES 
PUVTE 10 

Drawings of cells from arterial and venous blood of rabbits after injections of 
agarj stained with neutral red and Janus green and drawn while still alive. 

Fig. 1. An epithelioid giant cell from the peripheral arterial blood of Rabbit 
R 939. Small aggregations of carbon can be seen. The mitochondria are veiy' 
abundant and are best seen at the periphery of the rosette. This cell measured 
39.3 X 33 microns. 

Fig. 2. A huge, young, stimulated monocyte from Rabbit R 967. It is almost 
as large as the cell in Fig. 1, but contains only a single nucleus vdth a large nucle- 
olus. Thousands of delicate mitochondria are stained with Janus green and a 
tj'^pical dense rosette is stained with neutr^ red. Cells identical with tliis, e.Kcept 
for the presence of two or more nuclei, could be found in practicall}’^ ever}’' 

This cell measured 31.4 x 26.7 microns. 

Fig. 3. Epithelioid giant cell from venous blood of Rabbit R 967, witli nine 
nuclei. It has a unified central rosette, similar to those of Figs, l.and 2. Size 
36.1 X 33 microns. 

Fig. 4. Three monocytes which have fused around a piece of agar in tlie blood 
of Rabbit R 790. This animal had received trypan blue intravenously on several 
occasions and the agar foci were stained in an identical manner, as illustrated m 
this figure. When first seen this cell was practically spherical, but after 2 hours 
the three constituent cells were almost entirely independent of each other. Size 
35 microns at widest diameter. 

Fig. 5. This huge giant cell was obtained from a peripheral artery of Rabbit 
R 939. It measured 107 microns in length. It illustrates ver}' well that these 
cells are capable of changes in shape so great as to enable them to pass through tlie 
capillaries. A red blood corpuscle is shown to give an idea of their great sizes. 

Fig. 6. A foreign body giant cell with many nuclei from the venous blood of 
Rabbit R 579. This cell and the monocyte nearby are filled with masses^ o 
irregular, fragmented material. This material is probablj’^ agar undergoing 
changes within the cell. Size 67.5 X 47.1 microns. 
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Fig. 7. A trinucleated cell containing the same general tj-pe of material as that 
in the cell of Fig. 6. The mitochondria have faded somewhat. This cell is also 
from the blood of Rabbit R 579. Size 21 microns in diameter. 

Fig. 8. Another foreign body giant cell from the blood of the same animal. 
Size 28 X 17 microns. 

Fig. 9. A foreign giant cell from the blood of Rabbit R 790. There is a large, 
lobulated mass of material in the center of the cell which is probably agar that 
has not as yet undergone veiy much change within the cell. In the upper left 
region of the cell two rosettes can be seen. Size 84 x 52.5 microns. 

Fig. 10. Another elongated cell. This foreign bodj' giant cell was from the 
blood of Rabbit R 967. Size 73.8 by 14 microns. 

Pl.\te 11 

Four photographs of living cells supravdtally stained with neutral red and 
Janus green, and one photograph (Fig. 14) from a section. 

Fig. 11. Photograph of a large foreign body giant cell from the blood of Rabbit 
R 790. It has verj' many nuclei scattered throughout the cell and the cj'toplasmic 
bodies are arranged in no definite pattern. Several monocytes can be seen on the 
surface of the cell, as if in process of fusion. Red blood corpuscles can be seen 
for comparison of size. l^Iagnification X 575. Stained with neutral red in supra- 
vital preparation. 

Fig. 12. Photograph of a foreign body giant ceil in the blood vnth many mono- 
cj'tcs and epithelioid cells about it. This animal, R 939, had received agar plus 
India ink which was injected under the skin and into the peritoneal cavatj’. Note 
the definite rosettes of neutral red bodies in the monocj-tes and epithelioid cells. 
Magnification X 750. Stained with neutral red in supravdtal film. 

Fig. 13. Photograph of an accumulation of monocj'tes about a foreign body 
in the blood of Rabbit R 967. The cell at the upper end of the figure is a clasma- 
locytc. The cj'toplasm of these cells could not be separated. They were appar- 
ently fused. A single monocj-tc may be seen nearby at the lov.'cr border of the 
figure. Magnification X 750. Stained with neutral red bj' means of the supra- 
vital method. 

Fig. 14. Photograph of a giant cell in a capillarj’ of the lung of Rabbit R 579. 
Many giant cells could be demonstrated in the lungs of this and other animals 
similarly treated. Magnification X 750. Stained in fi.rcd section with hemotosy- 
lin and cosin. 

Fig. 15. Photograph of an epithelioid giant cell in the blood of Rabbit R 967. 
Note the unified central rosette and peripheral nuclei. Contrast with Fig. 11. 
Magnification X 750. Stained with neutral red. 
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ON TEE MECHANISM OF OPSONIN AND BACTERIOTROPIN 

ACTION 

V. Experheentai, Test of a Theory of Tropin Action 

By JIAX STRUSnA, M.D., STUART MUDD, M.D., EMILY B. H. AIUDD, 
BALDUIN LUCKfi, AID., aot AIORTON McCUTCHEON, ALD. 

(From the Department of Pathology and The Henry Phipps Institute of the University 
of Pennsylvania, Philadelphia) 

(Received for publication, Alay 20, 1930) 

In pre\nous papers we have reported that sera which have promoted 
the phagocytosis of add-fast bacteria have regularly produced certain 
alterations in the bacterial surfaces (1, 2, 3) in corresponding degree. 
Conversely sera which produced these changes in the bacterial surfaces 
promoted phagocj^osis correspondingly, although certain excep- 
tions to the the latter rule were found in using sera which had been 
altered by heating or aging. Both surface and tropin effects were 
clearly due to the deposit of certain substances from the Imm une sera 
on the surfaces of the homologous bacterial antigen; heating or aging 
in some cases impaired the phagocytosis-promoting action of these sub- 
stances without similarly impairing their capadty to combine with the 
bacteria. The corfespondence between the effectiveness of fresh rab- 
bit immune sera in produdng surface changes and in promoting phago- 
cj’tosis was found to hold with sera of various strengths, during the 
course of immunization, and during the course of tuberculous infec- 
tion and reinfection. 

It then became of interest to determine the distribution of the sub- 
stances responsible for the surface and tropin effects in the several 
fractions of immune sera. This subject is treated in the present paper. 

Methods 

Fraclionation of Sera 

Fresh serum, without preservative, is diluted with an equal volume of 0.83 per 
cent NaCl solution. To one %'oluinc of scrum, diluted, one volume of 66 per cent 
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saturated ammonium sulfate solution is added. The mi.vture is shaken thoroughly 
and allowed to stand at room temperature for 15 minutes. It is then filtered in the 
ice box using a rather thick, soft filter paper. To the clear filtrate enough ammo- 
nium sulfate is added to bring the concentration of ammonium sulfate toSOperceht. 
This mixture is shaken thoroughly and allowed to stand 15 minutes at room tem- 
perature and filtered in the ice box. To the clear filtrate again enough ammonium 
sulfate is added to obtain a saturated solution; this is shaken thoroughly and after 
standing 15 minutes at room temperature, filtered in the ice box. The first precip- 
itation separates the “euglobulin” fraction; the second the "pscudoglobulin” 
fraction, and in the third the albumin is brought down. After the filtration of 
each fraction the dried filter paper is temporarily stored in large petri dishes in the 
ice box. The precipitates are dissolved and washed off from the filter paper, using 
liberal amounts of distilled water. The solutions are then dialyzed for 4 days in 
the ice box, using parchment thimbles, and large quantities of water which are 
frequently changed. When dialysis is completed the fractions arc evaporated 
to the original volume, with the aid of an electric fan, and enough sodium cliloride 
is added to make 0.85 per cent solutions. If the solutions are not completely clear, 
centrifugation may be resorted to. If it is desired to separate the h 3 ’drophobic 
pseudoglobulins from the hj'drophilic portion, after dialj'sis of the pseudoglobulin 
fraction, the contents of tlie diah'zing bag arc centrifugalized at once. The 
sediment of hydrophobic pseudoglobulin can thus be separated b}' decantation. 


Testing of Surface and Phagocytosis-Promoting Effects 

The methods used in testing the effects of the sera and serum frac- 
tions were those already described in an earlier paper (1). 


An even suspension of each antigen* was made and adjusted to a standard 
turbidity. Serial dilutions of each serum and serum fraction to be used were made. 
1 cc. of antigen suspension was mixed with each dilution of serum or serum frac- 
tion. All tubes stood at room temperature usually for 30 to 90 minutes and were 
then put in the ice box over night. In tlie morning agghilwation or sedimentation 
was read without shaking up the tubes. All tubes were centrifuged until clear; 
the supernatants were decanted, two drops of 0.85 per cent sodium chloride solu- 
tion were added to eacli tube and all tubes were shaken up in the rNUSpcitsioi^^ 
test. Excess of saline solution was added to each tube and aU were again centri- 
fuged. The supernatant fluids were again decanted, and the sensitized sediments 
brought to as even a suspension as possible in tlieir original volume of saline. 
These suspensions of washed sensitized antigen were routinelj’’ used for catapfiorcsis 
and interface reactions, and for the tests of phagocjdosis of washed antigen. 


* The term "antigen” is for convenience applied in this paper to tlie whole bac- 
teria; it is of course understood that the bacterial cell usuallj’’ contains more tlian 
one antigen. 
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Phagocytosis of washed antigen was tested by mixing 0.2 cc. of polinnorphonuclear 
leucocj'te suspension with 0.2 cc. of each washed, sensitized antigen suspension in a 
vial and rotating all the vials for 15 minutes on a Robertson agitator. Phagoc}'- 
tosis in the presence of serum or serum-fraction dilution was conducted bj' rotating 
in each vial a mixture of 0.2 cc. of leucocj’tes suspension, 0.1 cc. of serum dilution 
and 0.1 cc. of stock antigen suspension (of twice the concentration of the washed 
suspension mentioned above). The making of smears, staining and counting in 
the phagocj'^tosis tests were as already described. 

Certain minor departures from the routine outlined were made from time to 
time, but these were unimportant. For instance resuspension and cataphoresis 
were occasionally tested with the particles suspended both in the original serum or 
serum fraction dilutions and also after washing. 

Increased cohesiveness of the antigen surface due to sensitization is 
indicated by positive resuspension and interface reactions. Decreased 
surface electric potential difference is indicated by decreased velocity 
of migration in cataphoresis. Altered wetting properties of the 
antigen surface are indicated by the interface reaction. The degree 
of phagocytosis-promoting or tropin effect is indicated by comparison 
of the percentage phagocytosis of sensitized and control bacterial 
suspensions. 

Correlation between Bacterial Surface and Tropin Effects Produced by 
Immune Sera and Their Fractions 

The immune sera and their fractions have proved to be effective in 
the same order in altering the surface and in causing agglutination 
and phagocytosis of their homologous bacteria. The order of effec- 
tiveness has been uniforml3^• whole serum > euglobulin > pseudo- 
globulin > albumin. In only one of eleven e-xperiments was anj' 
dexdation from this order detected; in this e.vperiment euglobulin was 
more effective than pseudoglobulin in some reactions, less effective in 
others. 

As heretofore the correspondence between the surface changes and 
the agglutination and phagocj'tosis brought about by whole immune 
sera has been found in tids work to be exceedingl}' dose. The cor- 
respondence between surface, agglutinating and bacteriotropic effects 
has been e-xceedingh’ good also when the euglobulin or pseudoglobulin 
fractions of immune sera have been used. Of course the parallelism 
between surface and tropin effects was not perfect in all cases; for 



302 


OPSONIN AND BACTERIOTROPIN ACTION. V 


instance the phagocytosis titers tended to run a little higher than those 
of the surface reactions when Arloing, Prague or chelonei strains were 
used as antigens, a little lower when Bovine III was antigen; also 
minor quantitative discrepancies occurred from time to time. Such 
occasional slight discrepancies are, however, inevitable in an extensive 



Fig. 1. Parallelism between surface changes and phagocytosis in presence o 
immune serum and its globulin fractions. Abscissae are successive dilutions o 
antiserum or serum fraction in powers of four. (Thus 3 is a dilution of 1 
1:64.) M. avium (Arloing strain) and homologous antiserum. 


experiment of this character in which the tests cannot be perfectly pre- 
cise and necessarily include in each case variables not common to the 
other tests. With these slight reservations in mind the impressive fact 
has been the close correspondence between surface, agglutinating an 
tropin effects when whole serum or its euglobulin or pseudoglobulin 
fractions have been used. 
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In contrast to this were the results when the albumin fractions of 
antisera were used. The presence of serum albumin in the phagocytic 
mixture usually induced a moderate degree of phagocytosis. This 
effect was moderate at a dilution of albumin of 1 to 4, was weaker or 



Fig. 2. Parallelism between surface changes and phagocj-tosis after sensitization 
with immune serum and its globulin fractions. The same antigen and antiserum 
as in Fig. 1. The antigen was sensitized and washed, then exposed to phago- 
cj-tosis. 


absent at dilutions of 1 to 16 and 1 to 64, and did not c-xtend to lugher 
dilutions. Serum albumin on the contrary'’ caused only very slight and 
irregular surface or agglutinating effects and these were essentially out 
of correspondence xtith the phagocyTosis-proraoting effect. 
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The Efccl of Washing the Scusilized Bacteria. 

Whether phagocytosis ^vas conducted in the presence of the whole 
immune sera, or wdietlier the bacteria w'ere sensitized and washed and 
then exposed to tlie leucocytes, made very little difference. In an occa- 
sional experiment tlie percentage phagoc}d;osis w’as slightly less after 
w^asliing, but in the majority it w'as not affected. The same was true 
for the euglobulin and pseudoglobulin fractions. Illustrative e.xperi- 
ments are given in Figs. 1 and 2 and Table I. 

In contrast to the w’hole serum and globulin fractions, the phago- 
cytosis-promoting effect of the serum albumin was in all cases much 
reduced or was abolished by wmslring. Tliis constitutes a second 
point of differentiation between the phagoc^’tosis-promoting effect of 
albumin and the true tropin effects of tire globulin fractions. A third 
difference, that of specificity, is brought out in tire paper following this. 

The Effect of Heating the Sera before Fractionation 

Each of three batches of immune serum wms divided into two por- 
tions, of whicli one was heated at 56°C. for 30 minutes. The heated 
and unheated portions of each serum w^ere fractionated and tested vdth 
the homologous bacterial strain. 

The surface and tropin effects of an anti-a\dan (Arloing) and of 
an antichelonei serum w^ere only very slightl)’’ if at all w^eakened by the 
heating except that, in the case of the antichelonei serum, a definite 
agglutination and phagocj’tic prozone appeared in the heated portion; 
there was no prozone in resuspension, interface or cataphoresis reac- 
tions. Such prozones in the other reactions have occasionally been 
noted in our work with immune sera heated to 56°C. for 30 minutes. 
They are evidently similar to the more pronounced agglutination pro- 
zones produced by Shibley (4) by heating antisera to higher tempera- 
tures. The phagocytosis-promoting properties of immune sera may 
then be impaired by heating, as well as by aging (2), even in instances 
in which the surface reactions indicate no impairment of tlie capaaty 
of the serum to combine with antigen. 

The surface and tropin effects of the euglobulin fractions of the 
immune sera were only very slightly if at all weakened by the heating. 
The surface and tropin effects of the pseudoglobulin fractions of the 
antisera were not appreciably weakened by the heating. 
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I'K). .1. rnrallelisin between surface changes and phagocytosis after sensilizalion witli globulin fractions 
of immune scrum. .1/. avium (Arloing strain) sensitized with serum fractions and then washed. Open 
circles; fractions from Anti-Ailoing scrum heated for 30 minutes at S6°C. before fractionation. Biadt 
circles: fractions from same Anti-Arloing scrum unhcalctl. 
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DISCUSSION 

It is clear, then, that the specifically active substances in our immune 
sera are distributed between the globulin fractions. The small 
phagocytosis-promoting cfTcct of serum albumin differs in several re- 
spects from the tropin action of whole sera and tlieir globulin fractions. 
The data lead very directly to the conclusion, therefore, that tlie 
interaction of antigen and fresh immune serum results in the deposit 
on the antigen surface of a substance or substances contained in the 
globulin fractions of the antiserum. The surface reactions, agglutina- 
tion and increased phagocj’tosis are quantitatively correlated with 
this surface deposition, and without a doubt are consequences of the 
properties of the substances deposited on the antigen surface and of 
the special environing conditions of the several tests. 

The question very naturally arises as to whether this conception of 
antibody action is in harmony with previous w'ork; this is the case. 

It was demonstrated by early investigations that antigens in sensi- 
tization acquire a deposit of material wliich at least has properties m 
common with the serum of the species from which the antiserum has 
come. 

Ehrlich and Morgenroth (5) demonstrated in 1901 that immune sera produced 
by a given species, A, when injected into another species, B, led to the development 
of anti-immune sera which could neutralize the antibodies in immune sera in species 
A. Bordet (6) showed similarl}^ that normal serum of species A injected into an- 
other species produced anti-sera which would neutralize the antibodies in sera of 
species A. Bordet further showed that such anti-immune sera could even interact 
with antibodies already united with tbeir antigens and could alter the state of their 
union with antigen. Thus ox cells sensitized with rabbit immune seruin an 
washed, were "cured” by treatment with anti-sensitizer produced by injection o 
normal rabbit serum into guinea pigs; addition of complement did not cause 

hemolysis of the sensitized ox cells. The interaction of sensitizer andanti-sensitizer 

was shown to be a true combination. Finally it was sliown that normal rab i 
serum could partially displace rabbit sensitizer from its union with anti-sensitizer. 

Bacteria sensitized with immune horse-serum and injected into guinea pigs > 
Braun (7) made the guinea pigs anaphylactic to horse serum. Bacteria sensitize 
with immune horse-serum were stated to absorb the anaphylactic antibodies ro 
the serum of guinea pigs and the precipitating antibodies from the sera of ' 
injected with horse serum. Altmann (8), by immunizing animals with sensitize^ 
red blood cells, thoroughly washed, obtained sera which gave precipitation an 
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complement fixation vdth seram of the species from which the sensitizer had 
come. 

More recent studies by physical-chemical methods have closely 
associated the sensitiaing substance or substances with the globulin 
of the immune serum. 

Porges (9) reported that bacteria treated with a large excess of agglutinin 
were precipitated by salts in a range of concentration characteristicforserumgloh- 
ulin rather than for the unsensitized bacteria. 

Coulter (10, 11) reported that strong sensitization with immune rabbit serum 
shifted the agglutination optimum of sheep’s red blood cells from its value 'with 
normal cells of pH 4.75 to a pH of about 5.3; the latter value is close to the iso- 
electric point of serum globulin. The maximum combination of hemolytic sensi- 
tizer from rabbit serum with sheep red blood cells (and minimum dissociation) 
were stated to occur also at a pH of about 5.3. 

The work of Northrop and De Kxuif (12), and Northrop and Freund (13) 
showed that the agglutinating substances from immune sera form a deposit on the 
surface of the homologous bacteria. 

Red blood cells (14), acid-fast bacteria (15) and certain spirochetes (16) have 
been shown by Mudd and Mudd to have surfaces whose wetting properties are 
suggestive of a high lipin content. Sensitization of each of these antigens with 
homologous immune serum gives it an altered surface whose wetting properties are 
like those of protein. 

Shibley (17) found that a variety of bacteria whose surface electric potential 
differences var>' widely, were all brought by sensitization to essentially the same 
potential difference. The electric behavior of strongly sensitized bacteria closely 
paralleled that of serum globulin. 

Eagle (18) showed that the physical constants for adsorption by sensitized 
bacteria and red blood cells .were closely similar to those for adsorption by immune 
precipitate. The work of MoU (19), Welsh and Chapman (20), Ottensooser (21), 
Wu and his associates (22), and Jlarrack and Smith (23) indicate that a large part 
of immune precipitate is protein material from the globulin fraction of the anti- 
serum. 

Hcincmann and Gatewood (24) demonstrated that the bacteriotropins in anti- 
streptococcic and antigonococcic horse sera were precipitated with the globulins. 

The work dted thus shows by a number of independent methods 
that an antigen in specific sensitization receives a surface deposit of a 
substance or substances -which at least have several points of resem- 
blance to serum globulin. 

The contributions of Rhumbler (25), Tait (26) and espedally those 
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of Fenn (27) and of Ponder (28) have shown on theoretical grounds 
that a major requirement for phagocytosis is that the particles to be 
ingested shall have a surface upon which the leucocytes will spread. 

We conclude, therefore, both from our own work and from that 
of earlier investigators, that the contact of antigen loith fresh homol- 
ogous immune scrim results in the deposit on the antigen surface of a 
substance or substances contained in the globulin fractions of the anti- 
serum; as a consequence of this surface deposit leucocytes can spread upon 
and engulf the antigen. 

The conception of antibody action to which we and other students 
of the physical-chemistry of immune reactions have been led, repre- 
sents a synthesis of certain elements from the views of the older scliools 
associated, respectively, with the names of Ehrlich and of Bordet. 
Practically all investigators are agreed, so far as we know, that the 
combination of antigen and antibody is determined by specific chemical 
affinities. The beautiful demonstration that tlie specificity of antigen 
and antibody may be determined by the spacial configurations about a 
single carbon atom securely establishes tins point of view (29, 30). 
On the other hand we find no e\’idence to support the conception of 
special reacting groups on the antibody responsible for bringing about 
the several immune reactions. The evidence, at least in the systems 
with which we have worked, supports the conception of precipitation, 
agglutination, phagocytosis, and the changes detected in the interface 
and cataphoresis reactions as consequences, under the several condi- 
tions of test, of the properties of the same substances deposited on the 
antigen surface. The combination of antigen and antibody then is 
specific; the consequences of that combination are non-specific expres- 
sions of certain physical-chemical attributes of the immune substances, 
and the phenomena exhibited are various rather because of various 
environing conditions than because of differences in the attributes of 
the immune substances. Further evidence in support of this conclu- 
sion will be presented in the paper following. 

We do not wish at the present time to extend this discussion to 
include lytic or antitoxic reactions. Even in such cases it seems not 
improbable, however, that the phenomena exhibited may depend more 
upon the properties of the antigens than upon any special peculiari- 
ties of the specific antibodies involved. 
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STBUrAjElV 

Antisera against several strains of add-fast bacteria have been sep- 
arated into their euglobulin, pseudoglobulin and albumin fractions. 
The globulin fractions have been found to possess the essential proper- 
ties of bacteriotropic sera; thus they alter the bacterial surface proper- 
ties, and, in quantitative correspondence, cause agglutination and 
phagocytosis; these several effects withstand washing of the sensitized 
bacteria; the effects are little if at all affected by inactivation of the 
antisera before fractionation; the combinatioh of antibody and antigen 
is serologically specific. 

The conclusion is drawn that the contact of antigen with fresh homol- 
ogous immxme serum results in the deposit on the antigen surface of a 
substance or substances contained in the globulin fractions of the anti- 
serum; as a consequence of this surface deposit leucocjTes can spread 
upon and engulf the antigen. 
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Pennsylvania, Philadelphia) 

(Received for publication, May 20, 1930) 

In the preceding coromunication we have advanced a theory of tro- 
pin action and offered in its support evidence that we feel to be con- 
vincing. The effectiveness of immune sera in agglutinating, altering 
the surface properties and promoting the phagocytosis of antigens has 
been found to be dependent upon the presence of substances in the 
globulin fractions of the serum which combine with and form a deposit 
on the surface of the antigen. Phagocytosis, the characteristic behav- 
ior of the sensitized antigens in resuspension, interface andcataphoresis 
tests, and agglutination follow essentially as consequences of the prop- 
erties of the substances deposited on the antigen surface. 

In the present communication we shall describe building up artificial 
surfaces and obtaining agglutination, characteristic surface properties 
and phagocytosis in accordance with prediction from the theor>’. In 
this phase we are following and extending the work of F. S. Jones (1,2). 
IVe find vfth Jones that precipitin sera vfU cause the agglutination 
and phagocytosis of collodion particles pre\fousIy treated vf th homol- 
ogous precipitinogen. The active substances are found both in the 
euglobulin and pseudoglobulin fractions of the antisera. Predpita- 
tion, agglutination, altered cataphoretic properties and phagocj'tosis 
are brought about in approximately corresponding degree. And 
finall}' the properties of maximally sensitized predpitinogen-trcated 
collodion partides, of spedfic immune predpitate, and of maximally 
sensitized acid-fast bacteria are, within the limits of our methods, iden- 
tical. 
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Thus we have powerful evidence in support of a rational conception 
of these diverse serological phenomena as all special consequences of one 
underlying phenomenon. The combination of antigen and antibody is 
determined by specific chemical affinities. The effects following this 
combination, at least with the antigens we have tlrus far studied, 
namely precipitation, agglutination, changes in surface properties and 
phagocytosis are consequences primarily of the properties of the 
antibody-protein combined \vith and deposited upon the antigen sur- 
face. The actual phenomena exhibited as a consequence of the deposit 
of the antibody-protein on the antigen surface of course depend also 
upon accessory factors such as electrolytes, temperature, tlie presence 
of leucocytes and other environing conditions. 

Experimental Methods 

Immune Sera . — Rabbits were injected five times usually at 5-day inter\’'als with 
solutions of the antigen. These were erj^staUine egg albumin,* edestin,* casein 
(Hammarsten) , human serum and horse scrum. The egg albumin and human 
serum and their antisera were most satisfactorj'. 

Preparation of Prccipitinogen-Trcatcd Collodion . — Locb (3) showed that protein 
could be adsorbed on the surface of collodion particles. Brilliant application of this 
fact to serology was made by F, S. Jones (1, 2).** We have followed essentially 
the technique of Jones. Spherical collodion particles of about 1 to 2ja in diameter 
were furnished us through the kindness of Dr. M. Kunitz. One volume of a dense 
suspension of these particles was allowed to stand usually for several hours in contact 
with one volume of human or horse serum or of a saturated solution of tlie protein. 
The collodion-precipitinogen mixture, after sufficient contact, was centrifugalized, 
the supernatant fluid decanted and tlie sediment resuspended in excess of saline. 
The suspension was again centrifugalized, the supernatant fluid decanted and the 
sediment resuspended in 0.85 per cent saline. 

Tests . — The precipitinogen-treated, ivashed coUodion particles were set up with 
serial dilutions of the precipitin sera or of the globulin or albumin fractions of these 
sera. Agglutination was read at short intervals and often again after keeping tlie 
tubes overnight in the ice box. Resuspension was often omitted, but was other- 
wise done according to the usual technique (5). The interface reaction could not 
be done since the coUodion particles themselves are not wetted by oU. 

* For the egg albumin we are indebted to Dr. J. Freund, and for the edestin to 
Professor D. Wright Wilson. 

** Specific agglutination of protein-treated coUodion particles was demonstrated 
independently bj^ Freund (4). 
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Cataplioresis vras carried out as previousty de3cribed(5).^ In the earlier ex- 
periments the test particles were suspended in 0.85 per cent sodium chloride solution. 
In latervrork the particles were suspended in jr/50 acetate buffer of pH 5.2. Mlien 
isoelectric point determinations were made the particles were suspended in two or 
more buffers whose reactions were graduated in intervals of 0.4 pH. Buffers 
were found such that the test particles moved toward the anode in one, toward the 
cathode in the nest in series. The isoelectric point was then estimated by in- 
terpolation. 

The phagocj'tosis tests, staining and counting were as preciously described (5). 
The use of essentially the same methods of detecting phagocj-tosis of collodion 
particles as had been used with acid-fast bacteria was made possibleby the earlier 
observation of Freund (6) that collodion particles are acid-fast by the ordinat)' 
Ziehl-Neelsen technique. 

Precipitin tests were set up by adding 0.2 cc. portions of the precipitin serum 
or serum fraction to 1 cc. each of the serial dilutions of the precipitinogen solu- 
tion. 

Fraclionalion oj the Precipitin Sera . — Fractionation was carried out as pre- 
viously described (7). 


Agglulinin atid Tropin Action by Precipitin Sera; Further Verif cation 
of the Theory of Tropin Action 

Predpitation tests 'with the dissolved proteins, and agglutination, 
cataphoresis and phagocytosis tests with the proteins adsorbed on 
collodion particles were performed as routine with all of the antiserum 
fractions and often also with the whole antisera. In the majority of 
experiments two antigens and their antisera were included and both 
homologous and heterologous combinations were tested. The data 
were finally analj’zed with reference to certain questions designed, like 
those in the preceding paper, to test deductions from our theory- of 
tropin action. In addition to verifying the theory the data have 
yielded strong support of the Unitarian hypothesis of antibodv' action 
( 8 ). 


* A Zeiss water-immersion lens of 0.75 n.a. and 1.9 mm. ■n-orlang distance has 
been found to be in certain respects superior to the objective previously described. 
The water-unmersion feature is a nuisance; however, for studving partick-swhich 
sclUc out quickly, this may be more than compensated for by the advantages of 
more critical focus and the gre.ater magnification afforded by the water-immersion 
lens. 
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The questions and the results of analyses of tlie data arc given below. 
Details have for the most part been omitted. 

I. When precipitinogen-treated collodion particles are sensitized 
with immune serum or one of its fractions, what is the order of relative 
effectiveness in (1) phagocytosis, (2) agglutination, (3) cataphoresis, 
(4) precipitation? 

Whole serum was found generally to be more effective in bringing 
about all of the reactions than either of its globulin fractions; both 
globulin fractions were strikingly more effective in all of the reactions 
than the albumin fraction. In precipitation and phagocytosis the 
euglobulin and pseudoglobulin fractions were about equally effective; 
in agglutination pseudoglobulin was oftener more effective than euglo- 
bulin, in cataphoresis euglobulin was oftener more effective than 
pseudoglobulin. With the exception of this slight discrepancy in the 
relation of the euglobulin and pseudoglobuhn fractions, therefore, the 
sera and fractions were effective in the same order in all of the reac- 
tions. 

It has been supposed that the euglobulin fraction contains all the 
precipitin (9) ; certainly in our work we have found it fairly equally dis- 
tributed between the euglobulin and pseudoglobuhn fractions. Pos- 
sibly it is not irrelevant to the perennial controversy over the distribu- 
tion of antibodies in the globuUn fractions to point out that two of the 
chief students of globulin chemistry, Cliick (10) and SjJrensen (11), 
believe that a clean-cut separation of euglobulin and pseudoglobulin 
is impracticable. According to Sjzirensen, “neither fractionation nor 
dialysis nor a combination of the two methods results in a complete 
separation of the two globulins.” He believes tliat the euglobulin and 
pseudoglobulin are associated as a labile compound EpPq. 

II. When precipitinogen-treated collodion particles are sensitized 
with immune serum or one of its fractions, are the effects in promoting 
phagocytosis approximately proportional to the effects on 1) agglutina- 
tion, 2) cataphoresis, and 3) precipitation? 

The correspondence between tropin, agglutinating, cataphoretic 
and precipitating effects with whole serum and with both globulin 
fractions was excellent in practically all experiments. There was not 
good correspondence between the several tests when the serum albumin 
fraction was used. The results are thus precisely similar to those ob- 
tained with acid-fast bacteria (7). 




Fig. 1. ParallelisTn between agglutination, cataphorcsis and phagocj-tosis o! 
precipitinogen-treated collodion particles after sensitization with globulin fractions 
of precipitin sera. Abscissae are successive dilutions of antiserum or antiserum 
fraction in powers of four. (Thus 4 is a dilution of 1 ;4* or 1 :256.) All particles 
were washed after sensitization. Cataphorcsis was conducted in ir /zO acetate 
butier of pH 5.2; graphed as #i/scc. per volt/cm. .Vote speci.ncity of the rc.ictioro. 
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cal sense by Hardy (12) as the reaction at which no migration of tlie 
test substance occurs in an electric field. The isoelectric point for tlie 
case of a pure amphoteric substance later received matliematical 
definition in terms of the acid and basic dissociation constants of the 
substance (13). We shall, however, use the term “isoelectric point” 
in the original sense of Hardy. 



Fig. 3. Progressive change of the isoelectric points of precipitinogen- treated 
collodion particles with sensitization by homologous precipitin sera. The iso- 
electric points of the protein-treated collodion particles are about pH 4.3 and 4.6 
respectively. After e.xposure to homologous immune serum in progressively in- 
creasing concentrations, the isoelectric points shift to plateau values of pH 5.6 
and 5.7. There is a slight prozone with the highest serum concentrations. The 
horizontal line at pH 5.1 is the mean value for eleven determinations of the iso- 
electric point of serum euglobulin. 

Collodion particles show a strong negative charge in the electric 
field. When treated with protein by the technique we have followed 
the particles are isoelectric at a reaction somewhat on the acid side of 
tlie isoelectric point of the protein used. Tliis indicates tliat protein 
has been adsorbed on the surface of the collodion. The fact that tlie 
isoelectric point is on the acid side of tliat of the protein indicates that 
the charge is a resultant of that associated with tlie collodion and that 
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due to the protein. This supports the conclusion reached by Jones (2) 
on other grounds that the protein under such circumstances does not 
form a complete film on the particle. 

When such protein-treated collodion particles are sensitized by strong 
precipitin sera homologous with the protein used, the isoelectric point 
is shifted to the alkaline side. The shift is progressively greater with 
progressing concentrations of sensitizing serum until a plateau value of 



Dllutic3a of sensilizing ser-uin. op serurn. frdctio.’X 
Fig. 4. Progressive change of the isoelectric points of butnan-serum-treated 
collodion particles with sensitization by homologous precipitin serum and its 
globulin fractions. The globulin fractions as well as the whole serum bring the 
isoelectric point of the antigen within the zone of pH 5.5 to 5.8. Figs. 1 , 2, 4 and 
5 and Table I all represent data from the same experiment. 

pH 5.6 to 5.8 is reached. This effect is seen in Fig. 3. With sera of 
lower titer greater concentrations of sensitizing serum are required to 
bring the isoelectric point of the sensitized particle to the plateau value, 
as seen in Figs, 4 and 5. These figures show that a similar effect is pro- 
duced by the euglobulin and pseudoglobulin fractions of the immune 
sera, but that greater concentrations arc required to bring it about than 
with the whole serum. \Wth still weaker immune sera the maximum 
value reached by the isoelectric point may be below pH 5,6. 
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The isoelectric points of acid-fast bacteria have been shown in 
another place (14) to undergo a similar cliange mth serum sensitiza- 
tion. The isoelectric points of the unsensitized bacteria studied were 
exceedingly low, below pH 2.5; witli sensitization by increasing 
strengtlrs of homologous antiserum the values of the isoelectric points 
shifted to the alkahne side until values of pH 5.5 to 5.8 were reached. 

The isoelectric points of specific precipitates'obtained by the interac- 
tion of the dissolved proteins and their homologous precipitin sera have 



4,09S 1,024 256 64 16 4 
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Fig. 5. Progressive change of the isoelectric points of egg-albumin-treated 
collodion particles with sensitization by homologous precipitin serum and its 
globulin fractions. The globulin fractions as well as the whole serum bring the 
isoelectric point of the antigen within the zone of pH 5.5 to 5.8. 

also been studied. The results are given in Tables I, II and III. It is 
evident that the precipitates obtained in the zone of approximately 
optimal proportions of antigen and antibody are isoelectric in the same 
range of hydrogen ion concentrations as are maximally sensitized acid- 
fast bacteria or precipitinogen-treated collodion particles, namely pH 
5.5 to 5.8. 

With excess of either antigen or antibody the isoelectric points of 
the immune precipitates have tended to be at slightly lower pH 
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values* An analogous instance in which, sensitization with the 
highest concentrations of a high titer immune serum has' resulted in a 
reduction of the isoelectric point to slightly below the maximum value 

TABT^E I 


Isodeciric Points of Specific Precipitates 


Immune serum 

Dilution of 
antigen 

Predpitate, amount 

Isoelectric 
point of 
predpitate, 
unwashed, 

pH 

Isoelectric 
point of 
predpjtate, 
Trashed, 
pH 

Antiegg albumin 

1:10 

-f-b-f to -1- + 

5.15 

5.5 

(( <( 

1:100 

-b-b-b 

5.35 

5755 

ft « 

1:1000 

+++ 

5.4 

5.75 

tt tt 

1:10,000 

+ 

— 

— 

t( tt 

1:100,000 

tr. 

— 

— 

Euglobulin from the above serum 

— 

5.0 

5.0 

Antihuman serum 

1:10 

-j — j — j- to -i — 

5.4 

5.55 

tt tt 

1:100 

++++ to ++-b 

5.6 

5.75 

« tt 

1:1000 

++-b"b to -b-b-b 

5.4 

5.7 

tt tt 

1:10,000 

-b+ to -b 

— 

— 

tt tt 

1:100,000 

■b 

— 

— 

Euglobulin from the above serum 

— 

4.8 

4.95 


1 cc. each of progressive dilutions of egg albiunin solution and of human serum 
were mixed with 0.2 cc. each of their respective homologous precipitin antisera. 
Euglobulin was obtained from the same precipitin sera by dilution and acidifica- 
tion. The precipitates were first concentrated by centrifugalization (unv, -ashed) ; 
they were then suspended in distilled water, centrifugalized, the supernatant 
decanted and the sediment resuspended in distilled water (washed); a drop or 
two of the suspensions were added to several cubic centimeters of dilute acetate or 
phosphate buffer for the isoelectric point determinations. 

is given in Fig. 3. Similar instances have occurred a sufficient number 
of times in as yet unpublished experiments with potent antisera so 

* Incidentally these results show that the often-cited analogj' between the zone 
phenomena in specific precipitation and that seen in the reciprocal precipitation of 
an electronegative and electropositive colloid is both superficial and misleading. 
The antigen, the precipitate, and, as far as present ci-idcncc shows, the antibody 
are all electronegative at the hydrogen ion concentration of blood serum. 
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TABLE n 


Isochctnc Points of Specific Precipitates 


Antiserum 

Dilution of 
antigen 

precipitate, 

amount 

Isoelectric 
point of 
precipitate, 
pH 

Whole antihuman serum 

1:10 

++ 

5.4 

« “ <1 

1:100 

+++ + 

• 5.7 

CC Cl cc 1 

1:1000 1 

+++ 1 

5.4 

cc cc cc 

1:10,000 

++ to -f 

— 

cc cc cc ' 

1:100,000 

tr. 

— 

Antihuman serum euglobulin ! 

1:10 

+ + 

— 

if CC It 

1:100 

+++ 

5.3 

cc cc cc 

1:1000 

1 +++ 

1 5.5 

cc cc cc 

1:10,000 

++ 


cc cc cc 

Euglobulin 

+ 

1 


control 



Euglobulin obtained from the above serum by dilution and 



aridification 



- 

5 0 





1 cc. each of progressive dilutions of human serum were mixed with 0.2 cc. each 
of whole antihuman precipitin serum or of the euglobulin fraction of tliis precipitin 
serum. Euglobulin was obtained from the same precipitin serum by dilution 
and acidification. The precipitates were washed and isoelectric points were 
determined as described under Table I. 

TABLE III 


Isoelectric Points of Specific Precipitates 


1 

Dilution of antigen 

Precipitate, amount 

Isoelectric point of precipitate, 
pH 

1:10 

++ + 

5.4 

1:100 

++++ 

5.65 

1:1000 

+4 — h 

5.7 

1:10,000 

+ 

5.45 

— 

Euglobulin 

1 

5.25 


2 cc. each of progressive dilutions of an egg albumin solution were mixed witli 
0.4 cc. each of antiegg-albumin precipitin serum. Euglobulin was obtained from 
the same precipitin serum by dilution and acidification. The immune precipitate 
and the euglobulin were washed in distilled water; their isoelectric points were 
determined in dilute acetate buffers. 
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tized surface of particulate antigen is rendered virtually complete by 
the evidence brought forward by Cromwell and Centeno (16) to indicate 
that specific precipitate is phagocytized. 

The chief results of the interaction of antigen and antibody in the 
systems we have studied are smnmarized in Table W. 

Earlier work on the isoelectric points of sensitized antigens is reviewed 
elsewhere (14). The work which has hitherto advanced farthest in 
characterizing the properties of the sensitized surface, that of Shibley 
(17), seemed to show that the surface was coated with a film of dena- 
tured serum globulin. That tlie sensitized surface has several points 


TABLE V 


Isoelectric Points of Euglohttlin Samples 


Source 


Antiegg-albumin Rabbit 29-19 

Anticasein Rabbits 32-97 and 33-72 . 

Antiegg-albumin Rabbit 29-19 

Antihuman serum Rabbit 31-77 

Antihuman serum Rabbit 31-77 

Antiedestin Rabbits 32-96 and 32-98 

Antiegg-albumin Rabbit 29-19 

Antiedestin Rabbit 32-96 

Antiedestin Rabbit 32-98 - 

Antiegg-albumin Rabbit 29-19 

Antihuman serum Rabbit 31-77 


Isoelectric 


Mctliod of preparation 

point, 

pH 

Ammonium sulfate fractionation 

5.2 

(( 


t( tt 

5.1 

Dilution and acidification 

5.0 

(t 

(t 

tt 

4.9 

a 

{( 

tt 

5.0 

a 

tt 

tt 

5.05 

(( 

tt 

tt 

5.2 

(t 

tt 

tt 

5.2 

<c 

ft 

tt 

5.2 


ft 

tt 

5.1 

tt 

tt 

tt 

5.1 


Average 


5.1 


of resemblance to a film of serum globulin has been brought out also by 
the studies of Coulter (18), of Mudd and Mudd (19) and of Eagle (20). 
Moreover the sensitizing substance or substances are well known to be 
associated with the globulin in the fractionation of the serum. How- 
ever, the familiar fact of possessing specific affinities for homologous 
antigen constitutes one obvious point of distinction between the 
antibody and the ordinary serum globulin. A further distinction 
between the properties of the sensitized surface and the serum globulin 
is brought out in Tables I to V and Figs. 3 to 5. 

In Table V are given tlie isoelectric points of eleven samples of 
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euglobulin obtained from the precipitin sera. These -were usually 
precipitated by diluting a small volmne of the serum with about fifteen 
volumes of distilled water and adding a few drops of one-tenth normal 
hydrochloric add. Two samples were obtained by ammonium sulfate 
fractionation. The values of the isoelectric points are seen to be in all 
cases within a range from pH 4.9 to 5.2, with an average of 5.1. The 
average value is plotted as a horizontal line at pH 5,1 in Figs. 3 to 5. 
It is thus evident that the isoelectric points of maximaliy sensitized 
add-fast bacteria and predpitinogen-coated collodion particles and 
also of immune predpitate lie well to the alkaline side of the range of 
values for the isoelectric points of euglobulin samples predpitated 
as described from the same antisera. 

A greater difference in the same direction has been reported by Fel- 
ton (21) between the minimum .solubilities of antibody-protein and the 
non-spedfic globulin of antipneumococcus horse sera. The minimmn 
solubilities of Felton’s antibodies lie between pH 6.6 and 6.8. Several 
interpretations are posable for the isoelectric values of 5.5 to 5.8 we 
have found for the maximally sensitized surface and for the spedfic 
predpitate. Conceivably these values might represent the values of 
the isoelectric points of the antibodies of rabbit serum; or these values 
might be a resultant of the isoelectric points of a more alkaline pro- 
tein analogous to Felton’s with more or less non-spedfic serum glob- 
ulin adsorbed upon it; or the imcombined antibody might be isoelec- 
tric at a higher or lower pH than 5.5 to 5.8 and obtain these values 
because of changes involved in the union with antigen. Answers to 
these questions will have to await further investigation. 

Useful conceptions of the nature of antibodies have been proposed 
by Locke, Main and Hirsch (22) and by Manwaring (23). The dena- 
turization of the antibody-protein when deposited upon the antigen 
surface has been discussed in references 17, 19 and 24. 

Throughout this work we have had capable technical assistance from 
]Mr. H. J. Henderson. 


SUIEUARV 

As a further test of the theorj' of tropin action proposed in the pre- 
ceding paper artifidal surfaces have been prepared, and have been 
found to be phagocjiized according to prediction from the theory’. 
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Protein was adsorbed on collodion particles according to tlie technique 
of F. S. Jones. These particles were tlien agglutinated and prepared 
for phagocytosis by the corresponding protein precipitin sera. The 
precipitating, agglutinating, surface and tropin effects for cacli serum 
or serum globulin fraction have been found to be in satisfactory quanti- 
tative correspondence. All of these effects were serologically specific; 
all remained almost unaffected by inactivation of the immune sera for 
30 minutes at 56°C. or by washing of tlie particles after sensitization. 

The surfaces of particles maximally sensitized by homologous rabbit 
immune serum or one of its globulin fractions have sho^\^l certain char- 
acteristic properties, i.c., they were cohesive, had wetting properties 
characteristic for protein, and were isoelectric at pH 5.5 to 5.8. The 
same set of properties were found for immune precipitate in the zone of 
maximal precipitation. The same properties have also been found for 
maximally sensitized acid-fast bacteria, and for maximally sensitized 
sheep erythrocytes. 

These results indicate, we believe, that precipitation, agglutination, 
the surface changes and increased phagocytosis are all consequences of 
one underlying phenomenon. This phenomenon is the specific chem- 
cal combination with, and deposit on the surface of the antigen of anti- 
body protein. The several serological reactions then follow as conse- 
quences of the properties of the sensitized surface and of the special 
environing conditions. 

The antibody is contained in the globulin fractions of immune serum, 
and appears to be a globulin with physico-chemical differences from 
normal serum globulin. 
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WFen Pneumococcus is seeded into plain broth, it is necessary to use 
a fairly large inoculum in order to insure the initiation of growth. 
The size of this inoculum increases with the amount of medium to be 
seeded; as a rule, 0.01 to 0.1 cc. of a plain broth culture is the minimum 
seeding to be used for 5 cc. of medium. These inocula contain at 
least 1,000,000 to 10,000,000 cells. WTiat are the factors which make 
such a large number of cells necessary? Under what conditions would 
one single ceU grow? 

An answer to these questions will probably result in a better under- 
standing of the physiology of the pneumococcus cell. But in addition, 
the preparation of an “ideal” medium (and no medium is “ideal” which 
does not allow the growth of a single cell) would be of great value in the 
study in vitro of the bacteriostatic and bactericidal properties of the 
body fluids of immunized and naturally resistant animals. However, 
the present work was undertaken to meet a pmrely practical need. 
During the past few years, considerable difiiculties have often been 
encountered in the preparation of media suitable for the growth of 
Pneumococcus. Many lots of broth were foimd to be unable to 
support growth even when large inocula were used. Yet it has been 
observed that when various lots of media are prepared from the same 
meat infusion, but with the addition of diflerent brands of pepton<s, 
these various lots differ in their ability to support growth of Pneu- 
mococcus, depending upon the kind of peptone employed; in all cases, 
growth would occur, even with very small inocula, provided a suffldent 
amount of neutral C3'5teine or thioglycollic acid was added. It 
seems therefore that the inability to support growth depends upon 
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some bacteriostatic property of tlie peptone and that this effect may be 
overcome by the addition of reduced thioacids. 

It is known in a general way that the living cell can greatly affect the 
conditions of its environment. In particular, it may be recalled that 
pneumococcus cells acting on certain metabolites bring about the 
formation of actively reducing substances (1, 2). If, however, very 
small inocula be employed, the influence of the reducing action of the 
bacteria can be considered negligible. Advantage may be taken of 
this observation in devising an experimental method for the study of 
those properties of the medium which affect the initiation of growth. 

Experimental Methods 

Cultures . — All experiments were carried out with a strain of Tj^ie II Pneumo- 
coccus (D /39 /79) and an R culture derived from Tj^pe II (D /39 /R) . Occasionally, 
control experiments were carried out with strains of Type I and Tj^pe III Pneu- 
mococcus. The results being always substantially the same, only the data ob- 
tained with the Type II strain are presented in this article. 

Unless othenvise stated, the inoculum consisted of 0.0001 cc. of a 12-hour cul- 
ture in plain broth. 

Ingredients Used in the Preparation of Media . — The beef infusion was prepared 
as usual, enriched with 0.03 per cent glucose, adjusted to pPI 7.8 and autoclaved. 

“Tr 3 ^ptophane broth” is the commercial name of a dehydrated preparation of 
casein hydrolysed with acid. Solutions of 1 per cent of this dehydrated medium 
were enriched with 0.03 per cent glucose, adjusted to pH 7.8, and autoclaved. 

Peptone solutions emploj’^ed were of 10 per cent concentration; they were ad- 
justed to pH 7.8 and autoclaved. 

The cysteine and thioglycoUic acid were autoclaved in neutral 1 per-cent solu- 
tions and kept under vaseline seal. The results reported in tliis paper were ob- 
tained with thioglycoUic acid; no difference could be noticed between tlie action 
of the two thiol compounds. 

The oxidized thiol compound used was a product obtained by the auto-oxidation 
of thioglycoUic acid (Eastman), in the presence of air, with sodium nitroprusside 
as a catalyst (in dilute ammonia solution) ; this product wiU be referred to as 
“oxidized thioglycoUic acid” although its exact nature is not known since it was 
not obtained in cr 3 '^staUine form. 

The Baeteriostatic Action of Peptones and the Possibility of Correcting 
It by Means of Reduced Thiol Groups 

It has been shown previously (3) that the growth of very small 
inocula of Pneumococcus in plain broth may occur when cysteine 
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hydrochloride or thioglycoUic acid is added to the medium. Experi- 
ment 1 gives the Tm'nimnm concentration of thioglycoUic add which is 
necessary for growth to occur. 

Experiment 1 — Varying amounts of thioglycoUic add were added to different 
portions of the same lot'of plain broth (prepared 1 week previous to use), and 
tubes containing 5 cc. of these media received inocula varying from 0.1 cc. to 
0.0000001 cc. of a plain broth culture of Pneumococcus. The cultures were in- 
cubated at 37°C. and final readings made after 48 hours incubation. 

The results of Experiment 1 iUustrate the fact that, in the plain 
broth tmder consideration, an inoculum of 0.1 cc. is necessary to obtain 


TABI.E I 

The Influence of ThioglycoUic Acid on the Growth of Small Inocula of Pneumococcus 
in Plain Broth {Peptone A) 


Final concen- 
tration of 
tliiogl>'coUic 
acid 

(in per cent) 



Inoculum (cc. of pneumococcus culture) 



10-1 

10-5 

10-* 

10 -* 

10-* 

1Q-* 

1 

' 10 ^ 

1 

io-« 

I 

0 

+ 





_ 

1 


__ 


0.001 

+ 

+ 

+ 

— 

— 

— 

— 

— 

mSm 

+ 

+ 

+ 


— 

— 

— 

— 

■IS 

+ 

+ 

+ 


_L 

+ 

+ 

— 

0.01 

+ 

-h 

+ 


+ 


+ 

— 

0.02 

+ 

+ 



“f* 

4 - 


-i- 

0.05 

+ 

+ 

4 - 


4 - 

-i- 


— 


The signs -f and — refer to the presence or absence of growth after 48 hours 
incubation. 


the growth of Pneumococcus. However, growth wiU occur even if the 
inoculum be only 0.000001 cc. in the presence of 0.005 per cent 
thiogljxoUic add. It is apparent therefore that plain broth exerts a 
bacteriostatic effect on Pneiunococcus and that a concentration of 0.(K)5 
per cent thioglycoUic add can overcome this effect. 

The object of the ne.xt experiment was to determine whether the 
minimum concentration of thioglycxiUic acid required for the growth 
of small inocula of Pneumococcus would be affected by the land of 
peptone used in the preparation of the medium. 
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Experiment 2. — Media -were prepared from the same meat infusion but ■with 
different peptones, 2 per cent concentrations being used of either one of the four 
different commercial preparations of peptone designated as A, B, C, and D. 
Amounts of 5 cc. of these media were treated with different concentrations of 
thioglycoUic acid, inoculated with 0.0001 cc. of pneumococcus culture and incu- 
bated at 37°C. Table II shows the results after 24 hours incubation. 

The results of Experiment 2 indicate that the bacteriostatic effect 
of the broth varies greatly with the different peptones used in the 
preparation of the medium; this is evidence that a part, at least, of 
this bacteriostatic power is to be traced to the peptone. 


TABLE n 

The Effect of Using Different Commercial Peptones on the Growth of Pneumococcus 
in the Presence of Varying Concentration of ThioglycoUic acid 


Medium: meat infusion with 


Final concentration of thiogljxollic acid (in per cent) 



0 

0.0001 

0.002 

0.004 

0.006 

0.008 

0.01 

0.02 

Peptone A 

— 

B 

— 

— 




+ 

“ B 



— 

+ 

•f 

+ 

-h 

+ 

“ C 


B 

— 

+ 

+ 

+ 

-t- 

+ 

“ D 

B 

B 

+ 

+ 

+ 

+ 

+ 

+ 


The signs + and — refer to the presence or absence of growth after 24 hours 
incubation. 


The results also suggest tliat the amount of thioglycoUic acid neces- 
sary for growth to occur might be used as a measure of the bacterio- 
static action of the peptone. 

The experiments that follow were all performed with peptone A 
which appears to have tlie most pronounced bacteriostatic power. 

In order to demonstrate that thioglycoUic acid can be used as a meas- 
ure of the bacteriostatic action of the peptone, an attempt was made to 
estabUsh a quantitative relationship between the amount of peptone 
added to the meat infusion and the concentration of thioglycoUic 
acid required to overcome the bacteriostatic action of such media. 

Experiment 3. — Media were prepared from the same meat infusion, but with 
concentrations of peptone (brand A) varjdng from 0.5 per cent to 4 per cent; these 
media were treated with varying concentrations of thioglycoUic acid, inoculated 
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with 0.0001 cc. of pneumococcus culture (per 5 cc. of medium) and incubated at 
37°C. 

The results of Experiment 3 indicate that as the concentration of the 
peptone in the medium increases, the concentration of thioglycollic 
acid necessary for growth also increases. A more exact relationship 
VTiU be obtained when, instead of the whole peptone, we use the 
isolated fraction responsible for the bacteriostatic action (see Experi- 
ment 8). This indicates that thioglycollic add can be used to titrate 
the bacteriostatic power of the peptone. 

TABLE nr 

Tkc Rdation between the Concentration of Peptone {Brand A) Used in the Preparation 
of the Broth, and the Concentration of Thioglycollic Acid Required 
for the Growth of Small Inocula of Pneumococcus 


Concentration 
of peptone A 

Final concentration of thioglycollic add (la per cent) 

(in per cent) 

; 0 

O.OOI 

0.002 

0.004 

0.006 1 

o.oos 

0.01 

4 





mm 

nmn 

+ 

2 

— 

— 





+ 

1 

- 

- 

— 

-f 


mm 


0.5 

— 

+ 

+ 

+ 

Ei 

B 



The signs + and — refer to the presence and absence of growth after 48 hours 
incubation. 


It has been suggested previously (3) that c>’’steine owes its benefidal 
action on the growth of Pneumococcus to its reducing power. 

This suggestion will be confirmed by comparing the effect of the 
oxidized and reduced forms of thioglycollic add on the growth of 
Pneumococcus in plain broth. 

Experiment 4. Different portions of plain broth prepared ndth I per cent of 
peptoneAweretreatedwith"reduced”and “oxidized thioglycollic acid.” .Amounts 
of 5 cc. of these media were seeded with inocula ranging from 0.1 to 0.00001 cc. of 
pneumococcus culture and incubated at 37'C. 

The results of Experiment 4 indicate that, following o.xidation, 
thioglycollic add becomes unable to correct the bacteriostatic effect 
of the peptone; it may be noted, however, that “o.xidized thioglycollic 
add’ is in no way toxic, as is shown by comparison with the control. 
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Thioglycollic acid therefore appears to owe its activity to the presence 
of reduced thiol groups in the molecule. 

The Existence in Peptone A of Substances Which Arc Bacteriostatic 

under Oxidizing Conditions and Not under Reducing Conditions ■ 

It has just been shown that the bacteriostatic power of peptone can 
be corrected by treatment with reduced tliiol groups. It is also greatly 
affected by the conditions of oxidation and reduction under which the 
peptone solutions are kept. Tliis can be shown by the five following 
examples. 

Experiment 5. — a, b, c. Test tubes containing 4.5 cc. of meat infusion received 
0.5 cc. of a 10 per cent peptone solution (at pH 7.8) which had been autoclaved. 

In preparation a, the peptone solution was used immediately after autoclaving', 
in preparation h, it had been kept for 48 hours at room temperature under aerobic 
conditions', in preparation c it had been kept for 48 hours at room temperature 
imder vaseline seal. 

d. The peptone solution which had been kept aerobically for 48 hours (prep- 
aration b) was added to meat infusion and the mixture kept imder vaseline seal 
for 2 weeks at room temperature. 

e. A similar mixture (preparation d) which had been kept under vaseline seal 
for 2 weeks was now transferred to a flask and kept aerobically for 2 daj'S. 

Test tubes containing 5 .cc. of the media (prepared as described under a, b, c, d, 
and e) were inoculated with 0.0001 cc. of pneumococcus culture and incubated at 

3rc. 

The results of Experiment 5 prove that peptone A used immediately 
after autoclaving, (preparation a), or kept constantly under anaerobic 
conditions (preparation c), exhibits only a very slight bacteriostatic 
power. On the other hand, the same peptone solution becomes 
markedly bacteriostatic following exposure to tlie air (preparation b). 
A peptone solution that has become bacteriostatic following exposure 
to the air loses its bacteriostatic effect by incubation under vaseline 
seal in the presence of meat infusion (preparation d ) ; but again becomes 
bacteriostatic following reexposure to the air. 

These facts, as well as the beneficial action of reduced thiol groups, 
point to the existence in peptone A of a substance which is bacterio- 
static in the oxidized form, and not m the reduced form; it can be 
oxidized by atmospheric oxygen and reduced by -SH groups and meat 
infusion; tliis oxidation and reduction appears to be reversible. 
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In the course of these experiments, it was obsen’’ed that the color of 
the peptone A varies with the difierent conditions under which the 
solution is kept. The solution is dark brown when taken out of the 
autoclave or when kept under vaseline seal. The color turns yellow 

TABix rv 


The Grffwlk of Pneumococcus in Plant Broth {Peptone A) in the Presence of Reduced 
and Oxidized Thioglycotlic Acid 


Medium 


Inoculum (cc.) 


10-1 


XO-3 

lO-i 

ia-» 

Plain broth 

-f 


— 


a 

“ " -h 0.01 per cent reduced thiogl>xollic 

acid 

+ 

+ 

1 

-1- 

i 4- 


Plain broth -f- 0,01 per cent oxidized thioglycollic ' 
add 

m 

■ 

1 


The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


TABLE V 


Effect of Maintaining Peptone Solutions under Oxidizing and Reducing Conditions 
on the Bacteriostatic Effect of Media Prepared with Them 


Media* 


Final concentration ol tiiiosl>*collJC add (in per cent) 



0 

0.0005 

O.OOI 

0.002 

0.003 

o.ooi 

! 0.005 

Preparation a 



+ 

+ 

a. 

+ 

+ 

+ 

“ b 

— 

— 

— 

— 

— 


4* 

" c 

— 

— 



4“ 

4* 

+ 

“ d 


+ 


-h 

+ 

A. 

+ 

“ e 

“ 1 

— 

- 

- 

— 

t 

1 

4- 


* The media referred to as preparations a, 6, c,d, and c are described in the tc-xt. 
The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


on the contraiy under aerobic conditions. The yellow color could be 
changed again to the darker by treatment with thioglycollic acid or 
cj’steinc. In other words, the darker color corresponds to the reduced 
non-bacteriostatic form of the peptone solution, whereas the yellow 
color corresponds to the oxidized-bacteriostatic form. 
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It was tempting to suppose that tlie cliromogenic fraction responsible 
for the change in color was associated with the bacteriostatic agent, 
and an attempt was made to fractionate peptone A on the basis of this 
assumption. 

Isolation of the Fraction of Peptone A Containing the Bacteriostatic 

Substance 

Different agents were used in an attempt to isolate the chromogenic 
fractions of peptone A (extraction and precipitation with HCl, NaOH, 
(NH4)?S04, copper salts, trichloracetic acid, alcohol, acetone, ether). 
The best results were obtained with the following procedure. 

200 gm. of peptone were dissolved in 1000 cc. of tap water and autoclaved. 
On the following daj'’, the solution was treated with 15 cc. of concentrated hydro- 
chloric acid. A heavy precipitate formed rapidly and was separated by filtration 
or centrifugalization. This dark green precipitate will be designated as fraction 1 . 

The filtrate (or supernatant) was made alkaline with 20 cc. of 40 per cent sodium 
hydroxide and 1000 cc. of acetone was added to the solution. A lighter precipitate 
of a greyish color separated and was designated as fraction 2. 

A further amount of 1050 cc. acetone was added to the supernatant; a dark 
yellow (resin-like) material was seen to run down tlie walls of the container and 
could be separated in a separatory funnel. This will be designated as fraction 3. 

After removal of this “j'^ellow fraction,” 3 liters of acetone were again added and 
a heavy white floculum was formed. This will be designated as fraction 4. 

The remaining acetone solution was still slightly pigmented yellow; although 
it was found possible to separate this new pigment in very alkaline solution, no 
attempt was made to separate it on a large scale. The bulk of the solution was 
evaporated down and designated as fraction 5. 

Each one of the 5 fractions was made up to 2 liters (corresponding therefore 
to a 10 per cent solution of peptone) and adjusted to pH 7.8. Fraction 1 appeared 
then as a dark green solution somewhat cloudy. Fraction 2 gave a greyish 
suspension, little soluble in water, and which settled somewhat on standing. 
Fraction 3 gave a perfectly clear, but very dark yellow solution. Fraction 4 gave 
a limpid solution with a very slight yellow tinge (due probably to a contamination 
with the preceding fraction) . Fraction 5 gave a clear, slightly yellow solution. 

5 cc. amounts of these different fractions were treated with 0.5 cc. of 1 per cent 
thioglycoUic acid. Within half an hour (at room temperature), fraction 1 began 
to change color, turning first to a brown-yellow, then to a dark brownish color. 
The other fractions remained unchanged. It is therefore apparent that fraction 1 is 
responsible for the change in color observed in the peptone following oxidation and 
reduction. 
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It was also observed that following the addition of 0.1 cc. of a 3 per cent solu- 
tion of potassium cyanide, fraction 1 turned whitish while the other fractions were 
not affected. 

The object of this experiment was to determine which of the fractions 
were responsible for the bacteriostatic action of peptone A. 

Experimenl 6 . — ^Media were prepared by the addition of 0.5 cc. of the different 
fractions and of whole peptone (10 per cent solution) to 4.5 cc. of meat infusion. 
These media were treated with different concentration of thioglycoUic acid and 
inoculated with 0.0001 cc. of a pneumococcus culture. 

TABLE VI 

The Bacieriosialic Effect on Pneumococcus of Media Prepared by the Addition to Meat 



The signs -f and —refer to the presence or absence of growth after 48 hours 
incubation. 


It is apparent from the results of Experiment 6 that fractions 2, 3 
and 4 of peptone A can support the growth of Pneumococcus when 
added to meat infusion — and do not exhibit any bacteriostatic effect. 
The absence of growth with fractions 1 and 5 may be attributed to the 
lack of some factor essential to growth or to the bacteriostatic action 
of these fractions. This question is the subject of the following 
experiment. 

Experiment 7. — A medium was prepared by the addition of 15 cc. of fraction 
4 to 135 cc. of meat infusion. To tubes containing 5 cc. amounts of this 
medium was added 0.5 cc. of peptone solution (10 per cent), of fraction 1 or of 
fraction 5 along ■ndth different concentrations of thioglycoUic acid. The tubes 
were then inoculated with 0.0001 cc. of pneumococcus culture and incubated at 
37°C. 
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The results of Experiment 7 demonstrate that practically all tlie 
bacteriostatic action of tire peptone is due to fraction 1 and only to it. 

In aU these experiments, tliiogtycollic has been used as a reagent for 
titrating the bacteriostatic action of the materials under consideration. 
In fact, it has been found in Experiment 3 that the amount of tliio- 
glycollic acid required to initiate growth of small inocula increases witli 
the concentration of peptone in the medium. The subject of Experi- 
ment 8 was to determine whether a more exact relationship could be 
obtained between the amount of fraction i added to the medium and 
that of thioglycoUic acid required to overcome its bacteriostatic action. 

Experiment 8 . — Attention must be called to two modifications introduced in tlie 
experimental procedure. Meat infusion is known to possess a high reducing 


TABLE VII 

The Bacteriostatic Action of Fraction 1 of Peptone A 


Medium: meat infusion with 


Concentration of thioglycolUc acid (per cent) 



0 

0.0004 

0.002 

o.oos 

O.OI 

0.02 

0.05 

Fraction 4 


+ 

+ 

+ 

+ 

+ 

+ 

" 4 -f- fraction 1 

— 



-f 

+ 

+ 

+ 

“ 4 + fraction S 

— 

-f 

+ 

+ 

-1- 

+ 

+ 

Whole peptone 

— 

— 


+ 

+ 

+ 

+ 


The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


capacity and it is likely that it would thus interfere with tire establishment of the 
quantitative relationship between fraction 1 and thioglycoUic acid. Tryptophane 
broth on the contrary has very little reducing capacity; it can support the growth 
of Pneumococcus when added to fraction 3 of peptone. It was therefore used 
instead of meat infusion in this experiment. 

The other modification was devised in view of the fact that the fraction 1, after 
being reduced by thioglycoUic acid, may be reoxidized by atmospheric oxygen. 
This was prevented b}" incubating the culture under vaseline seal. 

Varying amounts of fraction 1 were added to test tubes containing 4.5 cc. of 
medium consisting of tryptophane broth and fraction 3 ; these media were treated 
with different concentrations of thioglycoUic acid, inoculated with 0.0001 cc. of 
pneumococcus culture and incubated under vaseline seal. 

Table VIII brings out the dose proportionality between the concen- 
tration of fraction 1 in the medium and the amount of thioglycoUic 
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TABLE Vm 

Tilration of the Bacteriostatic Fraction of Peptone A by Means of Thioglycollic Acid 



The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


TABLE IX 

The Effect of Potassium Cyanide on the Bacteriostatic Properties of the Fraction 1 of 

Peptone A 


Medium: meat infusioa vitb 


Final concentiation of Uuosb’oili- ®nid 
(in per cent) 


Fraction 4 

K.CN + fraction 4 

Fraction 1 + fraction 4 

KCN + fraction 1 + fraction 4 



TABLE X 

The Growth of Pneumococcus in Media Prepared with Whole Peptone and 
“Purified Peptone’’ 


Materials added to meat infusion 


Final concentration oi thioglycollic acid (in per cent) 


Whole peptone 

Purified peptone 

Fraction 1 

Purified peptone -}- fraction I 



The signs 4- and — refer to the presence or absence of growth after 4S hours 
incubation. 
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acid required for growth to develop. This relation, however, does not 
apply when very small concentrations are used. 

It has been mentioned previously that, when treated with potassium 
cyanide, the green pigment rapidly becomes whitish. Experiment 9 
demonstrates that fraction 1 loses at the same time its bacteriostatic 
properties. 

Experiment 9 . — A medium was prepared by the addition of 10 per cent of frac- 
tion 4 to meat infusion. Test tubes containing 5 cc. of this medium received 0.5 
cc. of fraction 1, or 0.02 cc. of 3 per cent KCN, or both. They were then treated 
with different concentrations of thioglycollic acid, inoculated with 0.0001 cc. 
of pneumococcus culture and incubated at 37°C. 

The results of Experiment 9 show that the bacteriostatic properties 
of fraction 1 can be removed by treatment with potassium cyanide. 

The preceding experiments suggest that a solution of peptone A from 
which the green bacteriostatic fraction has been removed should supply 
a satisfactory mediiun when added to meat infusion. 

Experiment 10 . — A 10 per cent solution of peptone A was treated with the 
proper amount of concentrated HCl to precipitate fraction 1. This fraction was 
then made up to the original volume of the peptone solution and adjusted to pH 
7.8. 

The peptone solution from which fraction 1 had been removed appeared as a 
yellow fluid which was also adjusted to pH 7.8. This second fraction will be 
designated as “purified peptone.” 

These two solutions were added in amoimts of 0.5 cc. to 4.5 cc. of meat infusion 
as described in Table X and the media treated with different concentrations of 
thioglycollic acid. The tubes were inoculated as usual with 0.0001 cc. of pneu- 
mococcus culture and incubated at 37°C. 

The results of Experiment 10 demonstrate that by acid precipitation, 
one can remove almost completely the bacteriostatic properties of a 
solution of the commercial peptone A. 

DISCUSSION 

The facts recorded in this article seem to warrant the conclusion 
that there exists in commercial peptones a substance (or substances) 
which may exert a bacteriostatic action on the growth of certain 
organisms. Its action in plain broth is well demonstrated by the lack 
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of growth of small inocula of Pneumococcus under ordinary conditions. 
When, on the contrary, the same medium is prepared with peptones 
from which the bacteriostatic substance has been removed, or when the 
bacteriostatic effect has been corrected by reduction, inocula consisting 
of only one or a very few cells are sufficient to initiate growth. 

The bacteriostatic substance is heat stable and, in the brand of 
peptone which has been studied, it is associated with a certain fraction 
obtained by add predpitation; this fraction is pigmented, and changes 
color upon oxidation and reduction; the bacteriostatic property of the 
same peptone fraction is also controlled by conditions of oxidation and 
reduction. But we have no other evidence that the chromogenic sub- 
stance and the bacteriostatic substance are one and the same thing. 

Concerning the mode of action of this substance, we have at least 
an excellent clue; it is bacteriostatic only under oxidizing conditions, 
not at aU imder reducing conditions. In this respect, it behaves 
similarly to some dyes previously studied (indophenols, methylene blue, 
gallocyanine,’ which are bacteriostatic in the oxidized form, but not in 
the reduced form (3). 

Methylene blue has been found to be bacteriostatic for Pneumo- 
coccus in concentrations as low as 0.00003 molar. There is as yet no 
direct way of measuring at what minimum concentration the bac- 
teriostatic substance of peptone exerts its activity, but some con- 
ception can be gamed by an indirect method. As already shown, 
there easts a certain quantitative relationship between the amount of 
bacteriostatic substance and the concentration of thioglycoUic add 
which can overcome its action. In certain experiments, it has been 
suffident to add as little as 0.0003 per cent of tins thiol compound to 
allow the growth of an inoculum which would not have otherwise 
devdoped; the molecular weight of thioglycoUic add being 92, one 
sees that the molar concentration is of the same order as that found in 
the case of methylene blue. E.xpressed in other terms, this means that 
the addition of 0.000003 gm. of tluoglycolllc add per cubic centimeter 
of medium may determine whether growth wiU take place or not. These 
concentrations are of the order found in catalvtic reactions, and one 
may wdl wonder whether the bacteriostatic substance of the peptone 

' The data concerning the effect of galiocj'anine have not yet been published. 
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does not act as anticatalyst in some phase of the metabolism of the 
cell. 

Whatever the mechanism of its action may be, this substance is 
active in extremely small amounts. We have evidence of organisms 
which are much more sensitive to it than the ordinary strains of 
Pneumococcus. It ^vill be wortli while to study the role of such sub- 
stances in determining whether a bacterial species is “aerobic” or 
“anaerobic,” whether it is “easy” or “hard” to grow. 

The growth of large inocula of Pneumococcus in plain broth, as 
compared with the lack of development of smaller inocula, is now 
readily understood. It has been shown (1, 2) that pneumococcus 
cells, when in the presence of certain metabolites, give rise to a very 
actively reducing system; this system is able to reduce (and therefore 
inactivate) the bacteriostatic substance of the peptone and thus 
renders the medium suitable for tlie development of growth. 

The significance of the facts presented in this article may well 
transcend their importance for the growth of Pneumococcus in artificial 
media. One wonders whether there do not exist in tissues meclianisms 
similar to the one described, which would render impossible the multi- 
plication of bacteria under normal conditions of oxidation. If, how- 
ever, local reducing conditions were to develop, is it not possible that 
bacterial invasion of the tissues would then be facilitated? It is well 
to remember, in this respect, that the peptones under consideration 
were probably prepared from materials of animal origin. In fact, 
tryptic digest broth and peptic digest broth prepared from beef were 
also found to exhibit some bacteriostatic properties, but this action 
was demonstrable only under aerobic conditions. 

SUMMARY 

There are present in commercial peptones substances which exhibit 
bacteriostatic properties for certain bacterial species. These sub- 
stances are bacteriostatic in the oxidized form, but not in the reduced 
form. Their bacteriostatic action can be overcome, and their con- 
centration titrated, by the addition of reduced thiol compounds to the 
media in which they are present. 

Different brands of peptone differ greatly in the amount of bacterio- 
static substances they contain; these differences account, in part at 
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least, for the fact that media prepared from the same meat infusion, 
but with different kinds of peptone, vary in their ability to support 
bacterial growth. 

The bacteriostatic fraction of a certain peptone solution can be 
completely removed by precipitation with acid and acetone. A pep- 
tone which has thus been purified becomes capable of supporting the 
growth of very small inocula of Pneumococcus. 

The significance of the sensitiveness of certain bacterial species to 
substances which are bacteriostatic in the oxidized but not in the 
reduced form is considered with reference to (a) the mechanism of 
bacteriostasis, (b) the growth of bacterial species in artifidal media, 
(c) the problem of infection. 
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In preceding papers (1, 2) it has been shown to be possible to induce 
anaphylaxis in guinea pigs by injecting azoproteins, namely, horse 
serum coupled with diazotized ^-arsanilic acid. Animals treated in 
this way become sensitive to azoproteins containing the same azocom- 
ponent but another sort of protein; thus the reactions obviously depend 
upon the arsanilic add group. 

These results have been confirmed by Meyer and Alexander (3) 
who used also the method of passive sensitization, and by Klopstock 
and Selter (4). Some of the observations of these workers will be 
discussed later. Another investigation on the subject has been made 
recently by TiUett, Avery and Goebel (5). These authors employed 
as antigens azoproteins prepared by combining globulin or albumin 
with diazotized glucosides. 

The present study was undertaken with the purpose of investigating 
the spedfidty of the anaphylactic reactions and of gaining further 
information on the inhibition phenomenon produced by simple 
chemical substances (2). In order to test the specificity of anaphy- 
laxis to azoproteins, antigens were selected which differed only in the 
steric configuration of the spedfically reacting groups. The fact that 
antigens containing sterically isomeric groups are serologically differ- 
ent has already been shown by means of the predpitin reaction by 
Landsteiner and van der Scheer (6,7) for /- and d-phen}'! (p-aminoben- 
zoylamino) acetic adds and /-, d~, and «;-tartaric adds. Similar 
results were obtained by Aveiy- and Goebel (S, 9) who used as antigens 
glucosides containing glucose or galactose. 
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EXPERIMENTAL 

Specificity of the Anaphylactic Reaction . — For the follo\s4ng experi- 
ments antigens were used containing tlie radicals of the d- and l- 
tartaric acids. These were prepared by coupling horse serum wth 
d- and ^^-aminotartranilic acid in tlie manner previously described 

( 7 ). 

For the sensitization guinea pigs were injected intraperitoncall}" three times at 
weekly intervals with a suspension of 1 cc. of the antigens containing about 5 per 
cent protein. The animals weighed 210 to 250 gm.; the injections were well 
tolerated. 

The solutions used for the reinjection were prepared in the same manner as the 
sensitizing antigens except that chicken senun was emplo 5 ’ed instead of horse serum 
and that after precipitation with acid, the azoproteins, without treatment with 
alcohol, were brought in solution with the aid of sodium carbonate; the solutions 
were made isotonic and adjusted to litmus neutrality. The stock solutions of tlie 
antigen were brought to a protein content of 3.5 per cent. The test injections were 
made intravenousl)' 3 weeks after the last administration of the sensitizing dose, 
with 1 cc. of various dilutions or a larger volume of the concentrated antigen. 
At the time of the test the V'eight of the animals was about 400 gm. The results 
of an experiment in which the specificity of the reaction was tested are given in 
Table I. 

From Table I it is seen that, wtli one possible exception, the sensi- 
tization succeeded regularly; one animal showed onty slight sjnnptoms. 
The quantity sufficient for inducing shock was as low as 0.35 to 0.7 
mg. The symptoms were in all cases typical of anaphylactic shock, 
and in the animals which died, the lungs were distended and the heart 
was beating. The reactions were strikingly specific since an injection 
of about 50 to 100 minimal lethal doses was innocuous for the animals 
sensitized to the heterologous antigen, apart from a drop in tempera- 
ture which generally did not exceed 1°. In this respect the results are 
in full agreement witli those reported by Tillett, Avery, and Goebel 
(5). 

A further proof of tlie specificity of the reactions was furnished by 
reinjecting, on the following day, some of the animals which had 
received a dose of the heterologous antigen without showing symptoms 
of anaphylactic shock. Such animals, with one exception, reacted to 
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a subsequent injection of tbe same quantity of the homologous antigen, 
although there was evidence of some protection (Table H). 

TABLE 


Animals Sensitised with d-Anligen 


Tested with d-antigen 

Tested ^rith Z-antigen 

Guinea 
pig No. 

Quantity 
of 220 - 
^ protein 
injected in 
mg. 

Subsequent 
change in 
body tem- 
peiature 

Result, 

symptoms 

Guinea 
pig No. 

Quantity 
of aao- 
protmn 
injected in 
mg. 

Subse- 
quent 
change in 
body tem- 
perature 

Result, 

symptoms 



-c. 






1 

70 


1 4 min. 

14 

70 


Negative 

2 

35 


t3 “ 

15 

70 


tc 

3 

35 

-4.3 

Severe 

16 

35 


Slight 

4 

35 


1 3 min. 

17 

35 

-0.7 

Negative 

5 

35 


t3 “ 

18 

17.5 

-0.4 

it 

6 

35 


t3 “ 

19 

8.8 

-0.9 

it 

7 

35 


ts “ 

20 

0.7 

+0.9 

it 

S 

' 17.5 

-3.3 

Severe 





9 

17.5 


1 4 min. 





10 

8.8 


t3 “ 





11 

1.5 


t4 « 





12 

0.7 

-2.3 

Very severe 





13 

0.35 

-0.6 

Moderate 






Animals Sensitised with l-Antigcn 


Tested ivith d-anu'sen l! Tested witi /-aoU'gea 


Guinea 
pig No. 

Quantity 
of azo- 
protein 
injected in 
; lag. 

Subsequent 
change la 
body tem- 
; perature 

Result, 

sj-nptoms 

i, 

1 , Guinea 

1' pig No. 
li 

; Quantity 
i of aao- 
1 protein 
[ injected in 

1 mg. 

Subse- 
quent 
change in 
body tem- 
perature 

Result, 

sj-mploris 





;i 


•c. 


21 

70 


Negative 

ji 26 

70 


t 4 min. 

22 

33 


(f 

27 


-2.8 

Slight 

23 

8.8 


« 

■ 28 

! 35 


1 3 mia. 

24 

3.0 


ft 

29 

8.8 


I" 3 

25 

0.7 

-0.6 

it 

50 

3.0 

i 

T 5 " 





31 

0.7 


ts “ 





32 

0.35 

-2.4 

1 Severe 





33 

O.IS 

-1.3 

j Slight 


‘ The dcsijrnations correspond to those in the previous paper (7), 
T Death of animal. 
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Guinea pigs which were sensitized with only one injection of 1 cc. 
of the antigen showed the same degree of sensitivity as those in the 


TABLE n 

Reinjection Experiments 


Animals Sensitized with d-Aniigcn 


Guinea pig No. 

Quantity of 
/-antigen 
injected in mg. 

Result, 

symptoms 

Quantity of 
d-antigen 
injected in mg. 

Subsequent 
cliange in body 
temperature 

Result, 

symptoms 

17 

35 

i 

Negative 

35 

'C. 

-1.8 

Negative 

18 

17.5 


17.5 


t 5 min. 

19 

8.8 

U 

8.8 

-2.5 

Severe 

20 

0.7 


0.7 


t 8 min. 


Animals Sensitized with l-Antigcn 


Guinea pig No. 

Quantity of 
d-antigen 
injected in mg. 

Result, 

symptoms 

Quantity of 
/-antigen 
injected in mg. 

Subsequent 
change in body 
temperature 

Result, 

symptoms 

21 

70 

Negative 

70 

“C. 

t 8 min. 

22 

35 


35 


t over night 

24 

3 


3 

-2.2 

Severe 

25 

0.7 


0.7 


t 5 min. 


TABLE in 


Guinea pigs weighing 200 to 220 gm. were given one intraperitoneal injection of 
d-antigen: reinjection with shocking antigen at the end of 23 days when the 
animal weighed about 300 gm. 


Guinea pig No. 

Quantity of J-antigen 
injected in mg. 

Subsequent change in 
body temperature 

Result, sj-mptoms 

34 

3 

°c. 

1 3 min. 

35 

0.7 


t4 “ 

36 

0.7 


t5 » 

37 

0.35 

-0.7 

Moderate to severe 


experiment reported in Table I since they also sucemnbed to a shocking 
dose of 0.7 mg. An example is given in Table III. 
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The above experiments furnished hardly any evidence of the inhibi- 
tion of the anaphylactic reaction by the administration of large doses 
of the shocking antigen, which was observed by Klopstock and 
Selter (4). However there was some indication of the zone phenom- 
enon in experiments (Table TV) in which animals were sensitized with 
an antigen made by coupling beef serum with diazotized arsaiuhc 
acid as was done by Klopstock and Selter. 

It is seen from Table IV that only one of three animals was killed 

TABLE rv 

Eleven guinea pigs were sensitized by one subcutaneous injection of atoxyl beef 
antigen (1 cc. = 16.6 mg.) which was purified by means of acid and alcohol; the 
reinjection with atoxyl chicken antigen prepared in the same manner as the beef 
antigen was made 16 days after the sensitization. The reinjection was made intra- 
venously in a volume of 1 cc. 


Guinea pig No. 

Quantity of chicken 

1 antigen injected in mge 

Subsequent change in 
body temperature 

Result, symptoau 

38 

6 

•c. 

-6.2 

Very sick 

39 

6 

-1.1 

Negative 

40 

6 


t 5 min. 

41 

1.5 

-1.8 

Slight to moderate 

42 

1.5 


1 4 min. 

43 

1.5 


t7 “ 

44 ! 

1.5 


t7 » 

45 

1.5 


t6 “ 

46 

0.5 

-1.3 

Slight to moderate 

47 

0.5 

1 

t 5 min. 

48 

0.5 


t6 " 


by the largest dose employed while four out of five succumbed to a 
dose four times smaller. 

Sensitization 'jnth Antigens Prepared According to tlte Method of 
Klopstock and Seller. — ^WTiilst in the first experiments on anaphylaxis 
to azoproteins, the antigens used for sensitization were isolated after 
coupling in alkaline solution by precipitation with acid, Klopstock and 
Selter sensitized guinea pigs by injecting guinea pig serum to which 
thej' added neutralized diazosolutions. The reinjections were made 
with azoproteins prepared from guinea pig serum according to the older 
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method. In tlie experiment to be described (Table V) the procedure 
of Klopstock and Selter was followed. 

The results as judged from tire reinjection ^^^th the chicken serum 
preparation confirmed in a general way tliose of Klopstock and Selter 
except that the sensitization did not succeed regularly. They differed 
in tliat most of the animals tested did not react to the guinea pig serum 

TABLE V 

Eighteen guinea pigs were sensitized b 3 >- a subcutaneous injection of 1 cc. of a 
solution made by adding two volumes of 1 per cent neutralized solution of diazo- 
tized />-arsanilic acid to one volume of fresh guinea pig serum (4). The solution 
stood overnight in the ice box before injections were made. The reinjections were 
made after an interval of 33 days. 


Reinjection with cWcken ^i-arsanilic acid antigen 
(1 cc. = i8.6 mg. protein) 

Reinjection with guinea pig f-arsanilic acid antigen 
(1 cc. = 23.8 mg. protein) 

Guinea pig 
No. 

Quantity 
of antigen 
in mg. 

Subsequent 
change in 
body tem- 
perature 

Result, 

symptoms 

Guinea 
pig No. 

Quantity 
of antigen 
in mg. 

Sub.sequcnt 
change in 
body tem- 
perature 

Result, sjTnptoms 


■1 

°C. 




“C. 


49 



t 4 min. 

59 

12 

-1.2 

Negative 

50 

mm 

-1.3 

Slight 

60 

12 

-0.4 

<t 

51 

5.0 


t 3 min. 

61 

5 

-1.5 

Slight to mod- 








erate 

52 

5.0 


t20 “ 

62 

5 


1 4 min. 

53 

5.0 

-0.3 

Negative 

63 

5 

-0.2 

Negative 

54 

5.0 


1 20 min. 





55 

5.0 

-1.0 

Negative 





56 

1.5 

-0.3 

(( 

64 

1.5 

-0.6 

(( 

57 

1.5 


t 6 min. 

65 

1.5 

-1.8 

« 

58 

1.5 

-0.8 

Negative 

66 

1.5 

-0.6 

(C 


preparation. No attempt was made to inquire into the cause of this 
discrepancy. 

From their observations Klopstock and Selter conclude that for the 
sensitization and the production of antibodies, as well as for the 
reactions in vitro, it is not necessary to have a chemical combination 
of the azocomponents ^vith protein but that it suffices to use simple 
‘'mixtures” of diazocompounds and protein. They stress the view 
that the diazocompounds would, by themselves, act as antigens and 
the proteins only enhance the antigenic activity which is inherent in 
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the simple substances (4, 10, 11). However, as has been shown by 
Heidelberger and Kendall (12) and one of the present writers (13), 
there undoubtedly takes place a combination of the diazocompounds 
with proteins also in neutral solution under the conditions of the 
method of Klopstock and Selter. Consequently their procedure does 
not involve a new principle but must be looked upon as a modification 
of the older method of preparing azoproteins. It is true that in a foot- 
note to their last publication^ the authors make a statement which 
may be interpreted as an admission that they dealt not with mixtures 
but with chemical combinations. As for those instances in which 
Klopstock and Selter succeeded in sensitizing with diazocompounds 
alone, it can be assumed that these substances combined with the 
proteins of the animal injected, so that in this case also the immuniza- 
tion is probably attributable to an azoprotein. Indeed it has been 
shown that animals can be immunized by azoproteins the protein part 
of which is derived from their own species (14) . 

The phenomenon observed by Klopstock and Selter, that guinea 
pigs sensitized with diazosolutions alone e.xhibit skin reactions on 
intradermal injections of the same diazocompound, may be due to a 
special mechanism if further study should show that the skin reactions 
can be induced in this way only and not by sensitization with azopro- 
teins. One may suppose either that the chemical combinations formed 
in the body on the injection of diazosolutions are different from those 
prepared in vitro or that the sensitization is brought about by the di- 
rect action on tissues (skin) by the diazocompound as such. Even in 
the latter case, because of the ease with which diazosolutions combine 
with proteins it would not be justifiable to draw conclusions, from the 
e.xperimcnts discussed, upon the possibility of sensitization with simple 
chemical substances in general, particularly those which do not readily 
form compounds u-ith proteins. 

Inhibition of AnapIiyJoclic Shock by Simple Substances . — In the 
c.xpcriments of Landsteiner (2) a peculiar phenomenon was noticed, 
i.c. shock could be prevented by injecting sensitized animals with 
simple azocompounds containing the same specific group as the 
sensitizing antigen. The substances used were compounds prepared 

* Sec (4), page 463. 
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by coupling diazotized arsanilic acid with tyrosine or /’-oxybenzoic 
acid. Analogous results were described by Klopstock and Selter (4) 
with the sodium salts of /^-arsanilic acid (atoxyl) and wz-aminobenzen- 
sulfonic acid. K. Meyer did not succeed in obtaining antianaphylaxis 
by injecting atoxyl into animals sensitized to azoproteins prepared 
from ^-arsanilic acid. 

Similar experiments were carried out by Tillett, Avery, and Goebel 
(5) with guinea pigs sensitized to azoproteins containing glucosides. 
When these animals were injected with uncombined glucoside imme- 
diately prior to the administration of the antigen, shock could be pre- 
vented. If, however, the shocking injection was given 2 hours later 
protection was no longer demonstrable. Consequently the authors 
raise the question as to the mechanism of this inhibitory effect which, 
indeed, can hardly be looked upon as a desensitization on account of 
its transitory nature. 

Our present experiments were carried out with a series of animals 
sensitized with antigens prepared from d- and /-^-aminotartranilic 
acid and another series sensitized to azoproteins prepared from p- 
arsanilic acid. 

Guinea pigs weighing 200 to 250 gm. were sensitized as in the previous e.xperi- 
ment (see Table I) and were tested 3 weeks after the last injection. At various 
intervals before the administration of the shocking homologous antigen the animals 
were injected with solutions of an azocompound made by coupling resorcinol with 
diazotized d- and /-^-aminotartranilic acids. The products are designated as 
d-T.R. and /-T.R., respectively. 

These substances were prepared as follows: 480 mg. d- or f-/>-aminotartranilic 
acid were diazotized in the usual way (7, page 410) and coupled with 110 mg. 
resorcinol. The dye formed was precipitated with the aid of dilute h}'^drochloric 
acid, the precipitate washed in acidulated water and dried. 

A 1 per cent solution of the dye was made in a 0.9 per cent salt solution by adding 
dilute sodium hydroxide, and the solution was adjusted to neutrality or faint 
alkalinity. 1 cc. of various dilutions was injected intravenously. The shocking 
antigen was injected in a quantity of 7 mg. (1 cc. of a 0.7 per cent dilution) which 
corresponds to 5 to 10 minimal lethal doses (see Table I). At the time of the tests 
the weight of the guinea pigs was about 400 gm. 

The experiments (Table VI) demonstrate that with one exception in 
which the animal showed severe anaphylactic symptoms, the guinea 
pigs previously injected with the heterologous azodye died in typical 
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TABLE VI 

Inhibition by Ike Injeclion of Azoiyes 


Animals Sensitized viith d- Antigen 


Guinea 
p/ff No. 

(/-T.R. 

rag. 

Interval 
bctvreen 
lajec- 
tioD3 in 
hours 

Result and 
symptoms 
alter injection 
of d-antigen 

Subse- 
quent 
change 
in body 
tempera- 
ture 

Guinea 

pig 

No. 

W.R. 

mg. 

Interval 
be tureen 
injec- 
tions in 
hours 

Result and 
symptoms 
after 

injection of 
d-audgen 

Subse- 
quent 
change 
in body 
tempera- 
ture 





•c. 





"C. 

67 

10 

1 

Weakness 

-4.5 

77 

10 

1 

1 4 min. 


68 

10 

18 

Cough, 

-1.1 

78 

10 

18 

t4 “ 





slight 


79 

5 

1 

1 4 




* 

weakness 


SO 

5 

2J 

f4 “ 


69 

10 

18 

Dj'spnea 

-1.2 

81 

5 

U 

fS “ 





spasms 


82 

5 


f4 “ 


70 

5 

U 

Weakness 

-0.2 

83 

5 

24 

t5 " 


71 

5 

2 

Negative 

-fO.7 

84 

. 2.5 

1 

15 « 


72 

5 

2i 

Slight 

-0.7 

85 

2.5 

2i 

Few con- 

-3.6 

73 

5 

2i 

Negative 

-0.3 




Milsioas, 


74 

5 

24 

Cough 

-4.0 




vei>’ sick 


75 



Weakness 







75 

2.5 

1 

Somewhat 

-1.3 









sick, weak- 










ness 







76 

2.5 

2 

Negative 

+0.6 







Animals Sensitised icitk l-Antigen 


Guinea 
pig Ko. 

sag. 

Interval 

belween 

injections 

in 

Result and 
5>Tnptoms 
after 

injeclion of 

Culcea 
pig No, 

LT.R. 
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acute shock, whilst all animals but one, injected with quantities of 2.5 
to 10 mg. of tlie homologous dye, survived. The survi\ang animals 
exhibited but rarely typical anapltylactic symptoms as spasms or 
cough, altliough many appeared sick. With higher doses of the dye 
the protection was still evident even when tlie injection of the antigen 
was made the followng day. 

Another batch of animals was sensitized passively by injecting 
a potent precipitating immune serum produced in a rabbit by immuni- 
zation with azoprotein made from horse serum and diazotized p- 
arsanilic acid.- On injecting intraperitoneally guinea pigs w'eighing 
about 300 gm. Avith 0.3 cc. of this immune serum, the animals proved to 
be sensitive to an azoprotein prepared from diazotized ;^-arsanilic acid 
and chicken serum. The minimal letlial dose was regularly found to 
be 0.5 mg. In the tests presented in Table VII the animals were 
passively sensitized witli 0.3 cc. of tlie immune serum. The substance 
tested for inhibition was a product of coupling diazotized ^-arsanilic 
acid and tyrosine (2). This was injected intravenously in a volume of 
0.5 cc. at stated intervals prior to tlie administration of the antigen or 
in a mixture with antigen (indicated as “0” in Table VII). The 
antigen was employed in a quantity corresponding to two minimal 
lethal doses. 

From Table VII it is seen that the animals were protected from 
lethal shock by quantities of 2.5 to 1.25 mg. of the dye regardless 
of the time interval between the two injections. These animals 
showed either no symptoms or became somewhat weak. In two 
animals only were slight convulsions or coughing observed. With 
0.6 and 0.3 mg. of tlie dye the results were irregular but again the 
outcome appeared not to depend on the time elapsed after the injec- 
tion. A still smaller dose (0.15 mg.) failed to prevent shock also when 
the dye was injected simultaneously with the antigen. 

A few experiments with solutions of sodium />-arsanilate seemed to indicate that 
also this substance has an inhibitory effect upon the anaph 5 dactic reaction but 
considerably larger quantities were used than of the azosubstance. 

The protection described can be explained in two ways, either by 
assuming that this effect is similar to the inhibition of the precipitin 

^ For the method see (15). 
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reaction in vitro by simple substances containing the specific group 
(16) , or that the mechanism is analogous to the well known desensitiza- 

TABUE trn 

Inhibition by the Injection of Aoodye 


Animals passively sensitized with 0.3 cc. immune serum; the next day injection 
of the compound of ^-arsanilic add and fyrosin, followed by the administration of 
1 mg. of the shocking antigen. 
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tion by small quantities of antigen. On the first assumption one would 
expect protection to diminish with the elimination of the inhibiting 
substance from the blood stream. Actually the elimination takes 
place rather quickly since soon after the injection the urine is distinctly 
colored. Further evidence was gained from an examination of the 
color of the serum of guinea pigs after intravenous injection of the dye 
and from an estimation of the dye in the serum by inhibition of the 
precipitin reaction. From the few tests made it appeared that a con- 
siderable part of the azodye (about half) was already eliminated 
within the first hour after the injection. 

On the other hand protection was still demonstrable on the day 
following the administration of the dye, and furthermore, in the 
experiments of Table VII tliere was no noticeable difference in tlie 
results whether the inhibiting substance was injected simultaneously 
with the antigen or 3 hours afterwards. Consequently one can con- 
clude that the effect is not due simply to the presence in the circulation 
of the substances tested but to a desensitizing action upon tlie tissues. 
This view is corroborated by the observation that frequently the injec- 
tion of homologous azodye into sensitized animals was followed by a 
significant drop in temperature and in a munber of cases even by 
anaphylactic shock (17), but in some series of experiments this result 
could not be duplicated. 

It is possible, however, that there are other instances in which 
protection is brought about by the same mechanism as inhibition in 
vitro. This is suggested by the results of Tillett, Aver}’’, and Goebel, 
who noticed that their glucosides prevented shock only when injected 
just prior to the antigen, but not after an interval of 2 hours. The 
apparent discrepancy between their results and the present ones can 
probably be attributed to differences in the chemical nature of the 
substances used. 


SUMMARY 

Experiments "with azoproteins containing stereo-chemical isomeric 
groups of d- and /-tartaric acid showed well marked specificity of the 
anaphylactic reaction to these antigens, in conformity 'with the 
results of precipitin tests. 
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Shock in these animals could be prevented by injection of azodye 
containing the specific groups. This phenomenon is ascribed to a 
desensitization. 
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The subject of the artificial cultivation of filterable viruses has again 
brought into prominence the experiments of Flexner and Noguchi (1) 
and their followers with the so-called globoid bodies of poliomyelitis. 
The present paper deals with an attempt to repeat the results of the 
studies of Flexner and Noguchi and it is therefore desirable to present 
in brief form the results of the earlier work. 

The ori^al paper of Flexner and Noguchi (1) described the globoid bodies as 
minute, formed structures, cultivated bj' specially de\'ised methods from tissues of 
the central nen’-ous system from both human and e.xperimental sources. The 
tissues were either fresh or glj'cerolated, unfiltered or filtered through Berkefeld 
V or N candles. 

Methods of Cultivation . — The culture medium consisted essentially of human 
ascitic fluid to which had been added a fragment of sterile fresh tissue, usually 
rabbit’s ludney. The liquid was covered nith a deep l33'er of sterile paraffin oil 
and of the two sets of cultures, one was placed in an anaerobic jar and the other 
kept outside. All tubes were incubated at 37^C. 

In the tubes kept outside the jar, it was observed after 5 daj's that about the 
fragments of tissue an opalescence appeared which could be gradually diffused 
through the tube by gentle shaking. After another period of 3 to 5 daj-s, the 
opalescence extended into the upper portion of the medium, but at the expiration 
of 10 to 12 days the diffuse but sb'ght opacity began to diminish, and irregular 
parriclcs formed and slowly fell to the bottom of the tube. In control tubes, 
eitlier no change was obser\-ed, or a slight granular precipitate covered the tissue; 
and, while in tubes in which growth had been noted the opalescence increased in 
e.xtent, in the control series the predpitate gathered progressivelj’ about the tissue 
fragments. In the corresponding tubes kept in an anaerobic jar, a similar opales- 
cent growth was seen, althoughit was slighter than that just described and required 
a somewhat longer time to reach its full development. 

For the demonstration of colonj- formation, a scmisolid medium was used which 
comprised asdtic fluid and sterile rabbit Iddncj’, to which stiffidcnt 2 per cent 
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agar had been added to produce a solid mixture. This medium was not successful 
for initial growths, but after about the tliird generation of growth in fluid medium, 
transfer could be effected to the solid mediiun. In tliis, growth was noted after 
several da3’^s as a diffuse opalescence which first appeared about the tissue frag- 
ments and graduallj'^ aggregated into visible, minute colonies. Later, the opal- 
escence rose in the mediiun until it reached about 3 cm. below the surface, the 
upper limit of growth being sharph’’ demarcated. 

In the original paper, mention was made of the fact that initial growth could 
be secured in a medium from which either rabbit kidney or ascitic fluid had been 
eliminated, the former being replaced by using a somewhat larger fragment of 
poHomyelitic brain or the latter b}' adding brain tissue extract or sheep serum 
water. Cultures could not be obtained in the absence of both kidnej" tissue and 
ascitic fluid, Avhich might each have contained living ccUs; modified media were 
inferior generally to a mixture of the above two components. 

The results obtained bj' tlie use of the substituted media indicate that growth 
was derived primarily from the inoculum and not from the kidnej’’ tissue or ascitic 
fluid. The original observation supporting this view is that relatively greater 
success was obtained when fragments rather than emulsions of poliomyelitic 
tissue were used. For it has been found that bacteria maj"^ be introduced from the 
outside into cultures of brain tissue from herpes-virus encephalitis (2) and from 
poliomyelitis (3) during the process of grinding the tissue in the preparation of 
emulsions. 

Cliaraclenstics of the Globoid Body . — The globoid bodies were originally described 
as minute, globular structures, measuring from 0.1 5 to 0.3 micron in diameter, 
and arranged in pairs, chains, and small masses, according to the nature of the 
medium. In fluid medium, pairs and chains predominated; within the tissues of 
poliomyelitic patients or infected monke)'^s, onlj’’ pairs or small masses were dis- 
cernible, never chains. The reaction to Gram’s stain was variable, that is, the 
bodies retained the stain feebly in earlier generations, but more intenselj’’ in older 
cultures. In peptone medium the organisms appeared to be larger and retained 
the Gram stain more firmly. 

In initial cultures, considerable difficulty was encountered in demonstrating the 
bodies during the first 4 or 5 days. Thej'’ could be detected more readily on the 
sixth or seventh day, and maximum growth was obtained from about the eighth 
to the twelfth day. After 3 or 4 weeks, however, the bodies became enlarged and 
irregularly stained, although very minute structures, barely visible, were still 
present. These altered cultures were filterable through Bferkefeld filters, just as 
were the globoid organisms. 

It would appear, therefore, from the original description in which the authors 
stressed the ability of the globoid bodies to form definite colonies and to show a 
distinctive morphology, that the bodies were unequivocally organisms. 

Pathogenicity in Monkeys. — ^The original paper emphasized the point that 
only exceptional cultures possessed pathogenicity in the monkej'. Furthermore, 
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the limit beyond which the virus itself was considered not to be infective was that 
represented by a second transfer of the original virus in the culture medium. 

Two sets of inoculation experiments were reported: one comprising fluid and 
solid cultures of globoid bodies derived from four human cases, and the other, 
cul trues from the M virus highly adapted by prolonged propagation in monkeyB. 

The mixed cultrues of the human strains, in the third generation, were inocu- 
lated into a monkey, which developed characteristic experimental poliomyelitis. 
A second passage from this animal to two normal monkeys, and later, a third 
passage to a single rliesm, proved successfuL From three of these foiu animals, 
cultrues of the microorganisms were recovered. 

The monkey strains of globoid bodies were successfully inoculated as follows: 
One monkey was injected with a mixed crJtiue representing the third and fifth 
generations, and a second, third and foruth animal, with fifth to sixth generation 
cultrues, all developed typical poliomyelitis. The globoid bodies were recovered 
in cultrues made from the brains of all these animals. Fruthermore, from the 
second and third Macaciis rhesus successful passage was efifected through two 
successive series of animals. In addition, a fifth monkey was inoculated with a 
mixed culture representing the eighteenth and twentieth generations. This animal 
died on the third day from a secondary infection but the inoculation of a filtrate 
of the site of inoculation in the brain into a normal cynomolgus was followed, 
after 13 days, by characteristic e.xperimental poliomyelitis. 

In one instance in the foregoing experiments, mention was made of the fact 
that characteristic experimental poliomyelitis was induced with a cultiue derived 
from an affected monkey which, in turn, had also been inoculated successfully 
with globoid bodies. 

To srun up, the original report offered erddence of specific pathogenicitj' of glo- 
boid bodies even to the eighteenth or twentieth generation and of the successful 
recover>' of a virulent culture from an animal injected with the globoid bodies 
themselves. 

In a later article, Fle.xncr, Noguchi, and Amoss (4) extended the studies on the 
globoid bodies and found that the microorganisms survived in the semisolid me- 
dium kept at room tcmperatureorat37'’C. forovcr 13 months. .A test for \irulence 
showed these cultures to be pathogenic 6 months later, or 19 months after isola- 
tion. In this communication the authors also reported the preparation of “mass” 
culture medium and the emplojTncnt of the prodigious number of globoid bodies so 
obtained for pathogenicitj' tests. The mass cultures were injected three or four 
times, since the earlier studies had revealed that onlj' exceptional growths were 
active and that repeated injections of the ordinary virus (5) sometimes induced 
paralj'sis. Thus, one rhesus monkej' was inoculated intraspinallj- four limes at 
intervals of 6 to 1 1 daj's with mass cultures representing the fourth to thirteenth 
generations. 5 d.aj's after the last injection the monkej' dc'.'cloped characteristic 
c-xpcrimcntal poliomj'clitis. .Another monkej' was injected intrapcritoneallv 
four times with the same material, and at the same intcrx'als as in the prccedirrg 
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experiment, and t}T5ical poliomyelitis was induced. The nervmus tissue of these 
two monkeys, glycerolated for 6 and 70 days respectively, proved infectious. The 
effect of the repeated injections is cumulative, for it was shown bj’- a control test 
that the final, or fourth injection, by itself, failed to affect a normal animal. 

The e.xperiments described led to the inference that there is a wide fluctuation 
in pathogenic action of the globoid bodies, and only exceptional strains are infec- 
tive. In addition, it was emphasized that the recover}' of the bodies in culture 
from affected monkeys is made only with difficulty. Finally, it was pointed out 
that, by means of mass cultures, the bacterial nature of the globoid bodies is 
unequivocally established. 

The next communication, by Amoss (6), again presented evidence to indicate 
the fact that the globoid bodies are microorganisms, and that after long cultivation 
in vitro they become saprophytic and grow more readily in a considerable variety 
of media. Moreover, Amoss reported the recover}' of two additional, but non- 
pathogenic, cultures from monkeys with experimental poliomyelitis induced by 
human and M.A. virus. He emphasized in this paper a fact that had already been 
pointed out in the previous articles (1,4), namely, that highly parasitic cultures 
are refractor}' to artificial cultivation. 

Smillie (7) contributed a series of twenty-two cultures of globoid bodies in 
fluid and semisolid media obtained from the tissues of seven monkeys with e.xperi- 
mental poliomyelitis. Of these, eight different strains were inoculated into cor- 
responding rhesKS monkeys. Five animals were unaffected but three, receiving 
fourth and fifth generation growths, showed some degree of paralysis after intra- 
cranial or intraspinal injection. These latter reactions could not, however, be 
definitely proved as poliom}'elitic. Smillie also found tliat established cultures 
can survive in the icebox for months; tliat dye indicators inhibit their growtli; that 
the preferable pH of the medium is at blood neutrality; that strict anaerobiosis 
is essential and that body fluids, especially ascitic fluid, are required for their 
proper development. Most noteworthy is the fact, as shown also by Amoss (6), 
that after having once become established and accustomed to artificial media, 
the globoid bodies grow more readily and may be more easily transferred. 

The observers mentioned in the preceding paragraphs have therefore 
defined the characteristics of a true culture of globoid bodies. In view 
of the minute size of the microorganisms, emphasis was laid on the 
possible confusion which could arise in distinguishing tliem from 
granular precipitates in the culture medium. Hence the criteria of a 
culture should comprise the following principles: (a) characteristic 
growth in special, anaerobic, fluid medium; (b) definite colony forma- 
tion; (c) distinctive growth in mass cultures, and (d) agreement v'ith 
the other properties already mentioned in the foregoing resumfi. 
Finally, (e) in respect to pathogenicity, attention has been called by 
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the early investigators to the fact that only exceptional cultures show 
infectiousness and that the saprophytic strains are cultivable with 
difficulty while parasitic ones are even more refractory. On the 
other hand, definite experimental poliomyelitis has been induced in 
monkeys with the first, third, fourth, fifth, sixth, eighth, eighteenth, 
and twentieth generations of the globoid bodies. The eighteenth 
generation has been calculated to represent a dilution of 1 : 24 }’’ of the 
original virus — considerably beyond the limits of its inherent infec- 
tivity. In one instance, a culture in semisolid medium, in its eighth 
generation and kept at 37°C. for 13 months, had not lost its infectious- 
ness, whereas ordinary virus in a similar medium survives no longer 
than 20 to 30 days (4). Furthermore, the microorganism has been 
recultivated from the tissues of monkeys in which poliomyelitis was in- 
duced by the globoid bodies (in one series, from all of four cases) and 
such strains have, in turn, again produced the experimental disease. 

With this definition of a culture of globoid bodies in mind, wecannow 
compare the results of other investigators with those of Flexner and 
Noguchi (1, 4), of Amoss (6), and of Smillie (7), 

In 1918, Heist, Solis-Coben, and Kokner (8) reported the isolation from human 
and monkey poliomyelitic material of four different strains of globoid bodies. 
These cultures agreed morphologically and culturally, in fluid, semisolid, and mass- 
culture medium, with the descriptions originally given (1, 6, 7). Furthermore, a 
definite distinction was made by Heist and Solis-Cohen (9, 10) between globoid 
bodies and ordinarj- streptococci — a finding also reported by Smillie (7) and by 
the prior investigators. Although the cultures of Heist and his co-workers were 
carried successfully through at least ten generations, no inoculation tests were 
made. 

On the other hand, the results of the cultivation tests reported by Tsen (11) 
are not so clearcut. .After "many trials” he succeeded in finding organisms which 
he believed to be similar to globoid bodies. But they could not be maintained for 
more than three generations, and hence were not inoculated into animals. Since 
only fluid medium was used, and the "organisms” therein disappeared rapidly, it 
is likely that Tsen may have confused granular precipitate with the globoid 
microorganisms. 

Into this categoiy* of granulations may also be placed the so-called globoid body 
cultures obtained by Foster (12) from the nasophatamgcal secretions of common 
cold cases, and those of Bradford, Bashford. and Wilson (13). O’itsky and Mc- 
Cartney (l-l), in disoissing the significance of Foster’s cultures, pointed out how 
the error of confusing precipitates with minute organisms may arise and, further- 
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more, attempted to indicate the metliods by which such misinterpretations may be 
eliminated. In the case of Bradford and his co-workers, their cultures of so-called 
“globoid bodies,” obtained from patients with influenza, trench fever, war nephri- 
tis, and a number of otlier diseases, were later shown to consist of artefacts (Ark- 
wright — 15) — a view which the investigators themselves finally accepted. 

In a study concerning the etiology of epidemic encephalitis letliargica, Loewe 
and Strauss (16), using the fluid and semisolid culture media already described (1), 
recovered what was believed to be a minute, globular organism from the brain, 
from nasopharyngeal mucous membrane tissue and washings, from spinal fluid, and 
from blood of cases of the affection. These investigators stated that their filter- 
able organism resembled in morphology and cultural characteristics the globoid 
bodies, but that it possessed distinctly different pathogenic effects. They have 
not, however, reported the distinctive bacteria-like growth, as described by Amoss 
(6), in mass-culture medium. The fact, however, that colonies were obtained 
indicates the occurrence of bodies of microorgam’smal nature in their cultures, 
which, the authors believe, should be placed in the globoid body group. 

EXPERIMENTAL 

As indicated in the introductory paragraph, we undertook to repeat 
the earlier work on the cultivation of the globoid bodies and, especially, 
to secure cultures which possessed pathogenic properties. 

For this purpose, we had access to abundant material taken from 
monkeys which had developed experimental poliomyelitis after the 
inoculation^ of a highly active mixture of two virus strains — M.A. 
and K — (17, 18) which had been propagated for many years in mon- 
keys. The animals, as soon as definitely paralyzed and before becom- 
ing moribund, were etherized and the brain and spinal cord were 
removed with sterile precautions. The tissues were generally free 
from secondary bacterial contamination, or bacteria derived, during 
exposure, from the air. Inoculation of media was immediately carried 
out, using fragments of brain or spinal cord, or a Berkefeld V filtrate of 
a 5 per cent physiological saline suspension of these tissues. 

Cidtivation 

The culture medium was that of Noguchi, consisting of ascitic 
fluid and a fragment of sterile, fresh, rabbit kidney. 

In the preparation of initial cultures, we attempted to repeat precisely the ongi- 
nal method described by Flexner and Noguchi (1) . The fragment of rabbit kidney 

^ All inoculations in the monkey were carried out under ether anesthesia. 
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•was placed in a test tube measuring 1 .5 x 20 cm. The inoculum, consisting of either 
a small fragment of brain or of spinal cord, or of 0.5 cc. of the filtrate of these 
tissues, “was next added and then about 15 cc. of sterile ascitic fluid. Finally, 
about 2 cc. of sterile liqtiid albolene was added in such a -way as to form a layer 
over the surface of the me<flum. One set of tubes of each series was placed in the 
Boez anaerobic jar (19), and a duplicate set kept outside. The incubation was at 
37°C. 

A modified technique was also used: suflident 1 per cent neutral cj-steine 
hydrochloride solution was introduced into the asdtic fluid to give a final concentra- 
tion of 1:2000. The cysteine medium was sealed with solid petrolatum instead 
of liquid albolene. We found, howe\'er, that this modification did not lead to an 
increase in the number of positive “cultures.” 

As a rule, about 50 tubes of medium were inoculated during each original 
attempt at cultivation; two-thirds of them were set up as first described, and one- 
third ■with the cysteine. 

After 10 to 14 days, the tubes were removed from the thermostat and a small 
amount of the medium was -withdrawn from the bottom of each tube with a sterile 
capillary pipette, for film preparations. These preparations were allowed to dry 
in the air and, after being fixed by heat, were stained for 3 minutes with well- 
ripened, alkaline, methylene blue. 

All tubes found by microscopic examination to be contaminated -with ordinary, 
familiar bacteria were discarded. On the other hand, each culture thought to con- 
tain material resembling globoid bodies was subplanted to six or eight tubes of 
Noguchi’s fluid medium and upon two rabbit-blood, dextrose-agar plates. In the 
case of each subplant, one-half the number of tubes and plates was placed in an 
anaerobic jar and the other half kept outside. In addition numerous uninoculated 
control tubes of the medium, and inoculated control tubes of dextrose broth were 
included in each series of transfers. 

No characteristic macroscopic changes were visible in the inoculated tubes at 
any time. The opalescence described by Flexner and Noguchi (1) as appearing 
around the kidney at the end of the fifth daj' was not detected but a distinct cloud- 
ing, possibly due to autolysis, was noted at the end of 24 hours. 

With regard to the formation of colonics, which other workers (Fle.xncr and 
Noguchi 1; Fle.xner, Noguchi, and .■\moss — 4; .^moss — 6; Smillic — 7, and Heist, 
Solis-Cohen, and Kolmer — 8) agree in emphasizing as characteristic of the globoid 
bodies, and as indicative of their microorganismal nature, we were unable to secure 
any evidence. This may perhaps have been due to the fact that we did not employ 
the Ecmisolid medium of Noguchi. However, no colonies could be detected on the 
plates, incubated anaerobically, which were made from tubes showing sus 7 >ccted 
growth. Nor were we successful in obtaining growth in the special mass-culture 
medium (4), although no less than twcK-c attempts ■a'cre made by this method. 

In riew of our haring used diflercnt media in this part of the work, any comp.iri- 
son to be made between our results and those of the original in'vcstigators should 
be based on findings in fluid cultures 
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To recapitulate; Efforts at cultivations were made ivith fragments 
of the brain or cord or with Berkefeld V filtrates of the nervous tissues 
of seven monkeys inoculated with poliomyelitic virus and suffering 
from experimental poliomyelitis. With these materials, 315 tubes 
were inoculated, thirty-six of which showed minute morphological 
particles or “bodies” suggesting microorganisms. The subplanting 
from these “positive” tubes was disappointing, owing to the failure 
to obtain secondary growths in later subplants or to failure due to 
contamination with ordinary bacteria. Thus, while all seven monkeys 
yielded minute particles suggesting growths in initial cultures, the 
“growths” derived from three animals failed after tlie first subplant, 
from one after the tlfird, from one after the fourth, from one after the 
eighth, and from the last monkey after the eleventh subplant. 

Morphology 

The microscopic appearances to be described relate wholly to the fluid 
subplants and it should be recognized that because of the presence of 
the autolyzing kidney fragment and the resulting granular precipitate, 
it is. just such cultures that are most subject to misinterpretations. 
Indeed, the distinction in early subplants between minute microorgan- 
isms and precipitate is so indefinite that we were led to apply the 
metlrod of cataphoresis in order to attempt possible differentiation. 
We already knew that the poliomyelitic ^drus in nervous tissue sus- 
pensions migrates to the anode (20). Applying the same experimental 
procedures (21) to washed “cultures” in twenty-tliree tubes derived 
from six different “strains” in five separate tests, no conclusive evi- 
dence could be obtained, by this method, of differentiation of “micro- 
organisms” from precipitate. For whatever picture was detected at 
tire anode could be seen also at the cathode. On the other hand, con- 
trol experiments witli Bacterium pneumosintes and Bacterium coli 
were dearcut; there was active migration of botli to the anode.* 

Notmthstanding these facts, we were able to pick out thirty-six from 
315 tubes in which the distinctions were sufficiently wide to suggest 
the possibility of microorganisms being present. The main points of 

* In carrying out the cataphoresis e.xperiments, we were aided by the effective 
cooperation of Dr. D. C. Hoffman of The Rockefeller Institute. 
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such distinctions are as follows: In early subplants, the minute and 
“globoid bodies” were single, in pairs, or in short chains, the indi- 
vidual bodies being of a fairly uniform appearance. In older sub- 
plants, the bodies were more numerous and in part formed agglo- 
merated masses. In remote subplants, they were somewhat larger. 
The bodies stained well with well-ripened alkaline meth)'lene blue and, 
as a rule, did not retain Gram’s stain. In stained specimens the 
“bodies” appeared to be raised above the backgroimd of amorphous 
material, cellular detritus, and indefinite particles and were not 
refractile. It should be mentioned that in practically all film prepara- 
tions we observed well-preserved kidney tissue cells and leucocytes, 
the latter probably derived from the ascitic fluid. 

Povner to Infect Monkeys 

We pass now to the most significant part of our study, namely, the 
power of the “cultures” to infect and induce experimental poliomye- 
litis in monkeys. Indeed, in one series of subplants, derived from the 
brain and cord of a monkey experimentally infected with the virus 
describedinExperiment 1, we were successful in producing experimental 
poliomyelitis in monkeys with the materials taken from “cultures” 
in the seventh, eighth, ninth, and tenth transfers. It should be noted 
that the seventh transfer represents a dilution of the original material 
cultivated of about 1.5 X 10“‘=, and the tenth, of about 1.3 X 10“^®. 
The history of the monkey yielding the active material is as follows: 

Experiment 1. — Macaciis rhesus inoculated intracerebrally on Februan’ 8, 
1929, with 1 cc. of the suspension of anodic material obtained by cataphoresis of 
brain and cord tissues from a monkey in the paralytic stage of the e.xperimental 
disease (20). February' 19, e.xcitement, tremor, right facial paralysis, and ptosis 
were noted. February' 20, ata.xia, tremors, wealmess of right arm and shoulder 
and both legs were obser\-ed. February 21, the animal was prostrate and unable 
to move its arms and legs. Etherized. The gross and histopathological e.xami- 
nations revealed characteristic lesions of c-xperimental poliomyelitis. 

Sixty-nine tubes were inoculated -nith the infected nerc'ous tissue of this animal. 

Of the sixty-nine tubes, eight showed what appeared to be a minute, “globoid 
microorganism.” These were subplantcd to sixteen tubes of which, after 12 days' 
incubation, five were “positive.” A third subplant into thirty tubes ridded 
sixteen; a fourth into forty-two tubes yidded nine; a fifth of forty-five, eleven; a 
sixth of sixty-six, twenty; a seventh of sixty, thirty; an dghth of forty-eight. 
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thirty-seven; a ninth of thirty- two, four; and a tenth of thirty-two, five "posi- 
tives.” All the forty tubes of the eleventh subplant were contaminated by 
moulds and diphtheroid organisms. By the time the sixth subplant was reached, 
all the “positive” tubes had a common origin from one tube of the first transfer. 

The medium is notably irregular and uncertain in its composition 
because of the variations in quality of tlie ascitic fluid and possibly 
of the kidney tissue. Noguchi (22) originally pointed out that certain 
samples of ascitic fluid were more suitable than others for cultivating 
spirochetes and other investigators have emphasized this factor 
as influencing cultures of globoid bodies (4, 6, 7). That uncontrolled 
fluctuating factors played a part in our results is indicated by the 
discrepancies arising in the several subplants. The irregularity in 
positive tubes is correlated with the number of "bodies” \dsible under 
the microscope: In the first three subplants they were few, from the 
fourth to the eighth subplant, many; with the seventli subplant they 
predominated, but in the ninth to eleventh they became very few and 
difiicult to find. 

Monkeys were inoculated with materials from the seventh, eighth, 
ninth, and tenth subplants of these "cultures.” The material inocu- 
lated consisted of centrifuged sediment of the tubes, washed, as a 
rule, five times with physiological salt solution. In one instance 
(Experiment 2) to the washed sediment of the seventh subplant was 
added the unwashed sediment of the sixth and fourth subplants. 

Experiment 2. — Macaens rhesus A. April 18, 1929, pooled material from the 
bottom of the positive tube in the sixth transfer of the culture obtained in Experi- 
ment 1 (hereafter designated as Bodies 1) was prepared and of this mixture 2 cc. 
were injected intracerebrally, 10 cc. were injected into the peritoneal cavity and 2 
cc. into the spinal canal. 

April 23, pooled material from the bottom of the positive tube in the fourth 
transfer of Bodies 1 was prepared, and of this mixture 2 cc. were injected intra- 
cerebralty, 9 cc. intraperitoneally, and 2 cc. intraspinally. 

May 1, tlie material from the bottom of the positive tube of the seventh transfer 
was centrifuged at high speed for IS minutes; the sediment was suspended in 3 
cc. of physiological saline solution, and then centrifuged again. This was repeated 
three times. 1.75 cc. of the final suspension were injected into the left cerebral 
hemisphere. 

May 11, tremor; right facial paralysis; ataxia; complete paralysis of left arm, 
and legs very weak. 

May 12, prostrate. Etherized. 



P. H. LONG, P. K. OLITSKY, AND C. P. PJ3^0ADS 


371 


Autopsy . — Meninges normal. A very small area of softening -svas visible in the 
border of the right internal capsule, involving the lenticular nucleus. This site 
contained old blood and yellow pigment. The midbrain showed spotty translucent 
areas about 1 to 2 mm. in diameter. The cervical cord contained pink, translucent, 
soft areas in the region of the anterior horn cells. 

Microscopical jE.Tam:«a//o«.— Forebrain: A moderate mononuclear cellular 
reaction was present. Lateral to and partly involving the lenticular nucleus was 
a small area of softening containing red blood cells in various stages of degeneration. 
Around this area were many phagocytic microglia. Certain of the nerve cells 
showed varying degrees of degeneration and some of them were phagocytized. 

Medulla: A slight mononuclear infiltration of the pia-aracbnoid membrane 
was seen. Moderate perivascular infiltration was present. A certain amount of 
nerve cell degeneration noth and without accompanj-ing cellular reaction occurred. 

Cord: A slight Ijunphocytic reaction was observed in the pia-arachnoid mem- 
brane, together with a marked perivascular mononuclear infiltration. In the 
cervical region there was almost complete destruction of both the anterior and 
posterior hom cells, with accompanying phagocytosis of the debris by microglia. 
The same reaction was present but was progressively less marked in the lower levek 
of the cord. 

A 5 per cent saline Berkefeld N filtrate was prepared from portions 
of the cord and of this 1 cc. was injected intracereb rally into a monkey. 
This monkey developed typical experimental poliomyelitis within 6 
days. 

Cultivation experiments in Smith-Noguchi medium were carried 
out with fresh central nert'ous tissue from Monkey A. Seventy-one 
tubes were inoculated and after 14 days’ incubation, five tubes con- 
tained bodies resembling those with which Monkey A had been inocu- 
lated. 

ExpcriiKcul 3. Macacus rhesus B. May 1, 1929, 2.5 cc. of a saline suspension 
of washed materials from the bottom of the positive tube of the seventh transfer of 
Bodies 1 were injected into the left cerebral hemisphere. 

Jilay 6, sh'ght tremor; ataxia; marked left facial paralysis; both arms practically 
completely paralyzed. 

May 7, prostrate; facial paralysis increased. Etherized. 

Autopsy. At a site of inoculation there was a soft area 2x2 mm. containing a 
small amount of golden yellow pigment. Xo ej'st formation or frank hemorrhage 
was observed. The region of the anterior hom cells in the spinal cord showed 
injection and slight hemorrhage. This was most marked in the cervical region. 

Microscopical Exanunalior.. — Brain: Slight perivascular bmphocytic reaction 
in the region of the thalamus. Irregular nerve cell degeneration. The choroid 
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plexus was inJillrated with lymphoc 3 ’’tcs. In the sub-arachnoid space was a diffuse 
lymphocytic and mononuclear cellular reaction. 

Medulla: Foci of mononuclear cells, some surrounding degenerated neia^e 
cells, were present in the region of the fourth ventricle. A marked perivascular 
mononuclear infiltration occurred throughout the medulla. All stages of nen'e 
cell degeneration were seen. 

Cervical cord: A moderate meningeal and perivascular reaction was observed. 
The neurons showed marked destruction and active neuronophagia. 

Thoracic cord: The meninges were thickl}' infiltrated with lymphocytes. The 
cells of the anterior and posterior horns showed marked acidophilic degeneration, 
but their outline was preserved. The nerve cells were surrounded by a large 
number of polymorphonuclear and mononuclear leucocj'tes. The same changes 
were observed in the lumbar cord. 

Intervertebral ganglia: There was a marked interstitial l^TOphocytic reaction 
and a moderate acidophilic degeneration of the nerve cells. 

Five monkeys were inoculated withsuspensions andfiltrates prepared 
from the cord of Monkey B. Three of these control monkeys devel- 
oped typical experimental poliomyelitis within 7 days; the remaining 
two were unaffected. 

Cultivation experiments in Smith-Noguchi medium were made witli 
fresh material from the brain and spinal cord of Animal B. In the 
second transfer bodies closely resembling those inoculated were 
isolated. 

Experiment 4. — Macaens rhesus C. May 15, 1929, 1.5 cc. of a saline suspension 
of washed material from the bottom of the positive tubes of the eighth transfer 
of Bodies 1 were inoculated into the left cerebral hemisphere and 1.5 cc. of the same 
suspension were injected into the spinal canal. 

May 21, tremors; slight ptosis of both upper ej’-elids; ataxia; partial paralysis 
of both arms and shoulders; legs very weak. Etherized. 

Autopsy . — Meninges normal. Site of inoculation used for touch preparations. 
A definite small hemorrhage was seen in the striate bod 3 ^ The cervical cord 
revealed definite areas of congestion and hemorrhage in the region of the anterior 
horn cells. These changes were less marked in the lumbar and sacral cord. 

Microscopical Examination . — Site of inoculation: No bodies were seen in touch 
preparations. Lateral to the anterior part of the striate body was a narrow zone 
of softening containing red blood cells, granular debris, and a moderate amount of 
pigment. About the periphery of this area was a large number of glial nuclei. 

Cord: The anterior horn cells showed var 3 dng degrees of degeneration, some 
being slight^ involved while others were completely destro 3 ^ed. A diffuse cellular 
infiltration of polymorphonuclear and mononuclear leucoc 3 'tes was present. This 
reaction became less marked in the lumbar and sacral regions. 
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Intervertebral ganglia : A diffuse interstitial Ij-inphocj-tic infiltration was present 
and a moderate number of nerve cells showed partial or complete degeneration. 

A 5 per cent saline Berkefeld N filtrate was prepared from the brain 
and cord of Monkey C. 1 cc. of this filtrate was injected into the left 
cerebral hemisphere of a normal control monkey. Within 8 days the 
animal developed typical experimental poliomyelitis. 

Cultivation experiments in Smith-Noguchi medium were made with 
fresh tissue of the central nervous system from Monkey C. After 
14 days’ incubation, one of forty-seven inoculated tubes contained 
bodies similar to those with which the monkey had been inoculated. 

Experiment S . — ilacactis rhesfiis D. Maj- 31, 1929, 1.25 cc. of a washed saline 
suspension of the material from the bottom of the positive tubes of the ninth trans- 
fer of Bodies 1 were injected into the right and left cerebral hemispheres. 

June 6, tremor; ataxia; both arms paralyzed; legs weak. 

June 7, prostrate. Etherized. 

Autopsy . — ^The meninges were slightly injected. The left site of inoculation 
showed an old hemorrhage with some yellow pigment and an area of softening 
e.xtending into the internal capsule and the caudate nucleus. A similar picture 
was present in the right site of inoculation. Tj^pical translucent, congested and 
hemorrhagic areas were \TsibIe in the medulla and in the region of the anterior 
horn in the cervical cord. No organisms were seen in preparations made from the 
sites of inoculation. 

Microscopical Examination . — ^The site of inoculation showed a hemorrhage with 
hemosiderin pigment and was surrounded by phagocj-tic mononuclear cells. A 
slight diffuse increase in glial nuclei was present. Nearly all of the anterior horn 
cells in the cervical region had disappeared. Many foci of phagocj’tic mononuclear 
cells were present. A moderate perivascular hmphocytic reaction was observed. 

A 5 per cent saline suspension was made of the cord of ilonkey D. 
0.5 cc. was inoculated into the left cerebral hemisphere of a normal, 
control monkey, which in the course of 7 days developed tj^ical 
experimental poHom 3 -elitis. 

Cultivation experiments in Smith-Xoguchi medium were made 
witli the fresh central nervous tissue from Monkey D. None of the 
fort%'-eight tubes showed bodies similar to those with which Monke\' D 
had been inoculated. 


Expcrima-.t 6.—Macccus rhesus E. May 31, 1929, 1.25 cc. oi a wa.'^hed saline- 
suspension of the material from four negative tubes of the ninth transfer of Bodies 
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1 were inoculated into the right and left cerebral hemispheres. This material 
contained no demonstrable bodies. 

The monkey remained well and was discarded after 1 month’s observation. 

Experiment 7. — Macacus rhesus F. June 14, 1929, 1.5 cc. of washed saline sus- 
pension of material from the bottom of five positive tubes of the tenth transfer of 
Bodies 1 were injected into the right and left cerebral hemispheres. 

June 20, excited; tremors; right deltoid weak. 

June 21, prostrate. Etlierized. 

Autopsy . — There was slight meningeal congestion. An area on the left side, 
greenish gray to red in color, was filled with tenacious, soft, elastic material which 
contained staphylococci. The area extended from the superior surface of the 
frontal lobe to a region near the internal capsule, 1 to 2 mm. wide, and spread out 
at the base to a pjTamidal area about 4 mm. in diameter. On the right side a 
similar condition prevailed, although the area was not as large but more hemor- 
rhagic and extended almost to the internal capsule. The fourth ventricle revealed 
the usual picture of poliomj'elitis, but its edges were bulging and the glistening 
surface showed pink, turgid, tinj”^, translucent, somewhat hemorrhagic areas. 
The cervical cord exhibited tlie characteristic injection and translucencc of the 
anterior horns, but in the dorsal and lumbar cord the pinkish tinge was not as 
prominent. 

Microscopical Examination. — Forebrain: At the site of inoculation an elongated 
area was seen extending from near the cortex to the external surface of the lenticu- 
lar nucleus. This area contained erj^throcytes, poljmiorphonuclear and endothe- 
lial cells, and granular debris. A small amount of golden yellow pigment was 
present. The tissue forming the border of this area comprised a mass of phagocytic 
mononuclear cells and proliferated neuroglia; there was also perivascular infiltra- 
tion by lymphocj'tes. L 3 TOphocytes infiltrated the pia-arachnoid. In the 
medulla there were present occasional nerve cell degeneration and neuronophagia 
with a moderate perivascular infiltration. 

Cord: Cervical region. Moderate l 3 Tnphoc}’^tic infiltration of the meninges. 
Almost all neurons showed acidophilic degeneration and some were in tlie process 
of neuronophagia. The gra 3 ’- matter was diffusely infiltrated with l 3 TOphocytes 
and with occasional pol 3 miorphonuclear cells. 

Thoracic region: Here the cord was the seat of an intense reaction. No normal 
appearing nerve cells were present, all being degenerated and fragmented, the 
subject of active neuronophagia. Ver 3 '- marked extra-adventitial infiltration was 
noted. 

Lumbar region: Lesions of meningeal mononuclear infiltration; nen’^e cell 
degeneration; neuronophagia; perivascular infiltration with some diffuse h'mpho- 
cytic and mononuclear cellular infiltration throughout the gra 3 ’- matter. In general, 
the reaction was less marked here than in the cervical or tlioracic cord. 

Intervertebral ganglia: Moderate diffuse l 3 '’mphoc 3 'tic and mononuclear cell 
infiltration; a few necrotic nerve cells in various stages of degeneration with some 
showing neuronophagia. 



P. H. LONG, P. K. OLITSKY, AND C. P. PHOADS 


375 


A 5 per cent saline suspension was made of the cord of Monkey F ; 
0.5 cc. was inoculated into the left cerebral hemisphere of a normal 
monkey, which developed t 3 rpical experimental poliomyelitis after an 
incubation period of 7 days. 

Cultivation experiments in Smith-Noguchi medium were made with 
fresh tissue of the central nervous sytem of Monkey F. Two of 
twenty-eight tubes showed bodies similar to those employed in the 
inoculation of Monkey F. 

Experimentdl 8, — Macactts rhesus G. June 14, 1929, 1.5 cc. of a washed saline 
suspension of the material from five negative tubes, that is, free from “globoid 
bodies,” of the tenth subplant of Bodies 1 were inoculated into the right and left 
cerebral hemispheres. The monkey remained well throughout the period of 
observation. 

One observes from the preceding experiments that the inoculation 
in monkeys of a saline suspension of the washed sediment from Smith- 
Noguchi cultures of poliomyelitic tissue induced, in the seventh, 
eighth, ninth, and tenth transfers, the clinical sjmdrome and the path- 
ological effects characteristic of experimental poliomyelitis. It is 
noteworthy that in the successful experiments, the washed material 
contained small bodies resembling the globoid bodies described by 
Fle.xner and Noguchi. Equally important is the fact that in parallel 
e.xperiments with material derived from the ninth and tenth transfers, 
the washed sediment of tubes showing similar bodies was active in 
monkeys while that of tubes not containing the bodies was inactive. 


SUMMARY AND DISCUSSION 

The study here reported concerns attempts at bacteriological 
cultivations with fragments of brain or cord, or with Berkefeld V fil- 
trates of the nervous tissues, from seven monkeys successfully inocu- 
lated with poliomj'elitic ^i^us. With these materials, 315 tubes were 
inoculated, of which thirty-six showed minute bodies resembling the 
globoid bodies described by Flexner and Noguchi. However, a 
study of subplants from these minute, morphological particles did not 
con\ince us that we had in hand actual cultures of the globoid bodies, 
or indeed of anj- li\ing microorganism. 

Nevertheless, when washed sediments from subplants of one of the 
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strains, representing tlie seventh, eightli, ninth, and tentli transfers, 
were inoculated into monkeys, tlie clinical signs and pathological 
effects characteristic of experimental poliomyelitis could be induced. 
The virulence of the “cultures” could not be ascribed to carrying over 
the original material into these remote subplants since the seventh 
transfer represented a dilution of tlie original cultivated material to 
about 1.5 X 10~^", and the tenth, to about 1.3 X 10“*® if one assume, 
as the transfer technic justifies, a thorough mixing of tlie contents of 
each tube. On the contrary, it appears as if tlie poliomyelitic virus 
had multiplied in vitro, and had increased as a consequence of being 
in a medium of a modified Uving tissue-cell culture. For in practically 
all specimens we observed many well-preserved kidney tissue cells and 
leucocytes, the latter probably derived from human ascitic fluid, a 
component of the Smith-Noguchi medium. In this connection, it 
should be mentioned that the several lots of ascitic fluid used in the 
cultivation tests were recently obtained from patients and employed 
from a week to a month after their collection. 

There remains for consideration the problem of the selective patlio- 
genicity of the “cultures:” only the material of those tubes of the 
ninth and tenth transfers which showed tlie “globoid bodies” proved 
pathogenic; those respective tubes of the same transfers which were 
free from the minute bodies but apparently identical in all other re- 
spects, were avirulent. It may be that the virus was adsorbed to the 
particular bodies wliich we have found in tlie “cultures” and which 
resemble closely the globoid bodies of Flexner and Noguchi. Further 
elaboration of this study would be necessary, however, before such 
an inference could be regarded as a definite hypothesis. 
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The only method which satisfactorily preserves neutral red in sec- 
tions of tissue supravitally stained is that reported by Cash (1) — 
or certain modifications of it — for the study of monocytes and epi- 
thelioid cells in the limgs of animals experimentally infected with 
tuberculosis. 

Cash slowly injected into the ear vein 15 cc. of a 1 per cent solution of neutral 
red, dissolved in normal salt solution. In this manner he secured a true supra\ital 
staining of the connective tissue cells of the lungs. Any damage to the cells brings 
about difftise staining of cytoplasm and nuclei and obscures those structures which 
are significant in the so-called supravital reaction. It is an essential part of the 
technique, therefore, to secure this reaction first. 10 minutes after the injection 
the rabbit was quickly killed. Thin slices of the lungs were fixed in Zenker-formol 
solution for from 12 to 24 hours. These blocks of tissue were quickly dehydrated, 
without washing, in acetone, cleared in benzene or xj’lol, and rapidly embedded in 
paraffin. Thin sections were then stained with various dyes, avoiding alcohols 
and water as much as possible. This method gav'c uniformly good results with 
lung tissue. 

Prior to the experiments of Cash, Mejunkin (2) reported a method for st.iining 
tissue supravitally and embedding it in paraffin. He exsanguinated animals from 
the carotids under light ether anesthesia and then injected saline solution, satu- 
rated with neutral red, directly into the tissues. The tissues were fixed in a Zenker 
formol solution. Mcjunliin states that the contact with the dye is irregular and 
that no observations can be made within the areas in which the cells arc injured. 
Indeed, the weakness of the interstitial method of introducing the neutral red is 
the unevenness and uncertainty of obtaining a supravit.al reaction of the cells. 

Gardner (3) states that the technique of Mejunkin proved to be inapplicable 


• Fellow of The Xatioaal Research Council. Washington, D. C. 

379 




380 


SUPRAVITAL STAINING WITH NEUTRAL RED 


for use on lung tissue and he therefore modified the methods of ]\IcJunkin and 
Cash. He injected the dj^e solution cither intratrachcally or intravenously. The 
fixation was carried out in the same fluid as that used by Mejunkin, c.xcept that 
the formaldeh 3 "dc was carefullj’’ adjusted to a pH of 7.6 with sodium hx'droxide. 
Gardner claims tliat the sodium has a specific mordanting effect upon staining. 

It is well-known that the supravital technique of staining monocytes 
in the blood or tissues is the most reliable method we have for the ac- 
curate differentiation of these cells from other cytological elements. 
Good descriptions of it can be found in the papers of Simpson (4) and 
Sabin (5). Forkner (6) has recently described in some detail the 
methods, as used in Dr. Sabin’s laboratory, of applying the technique 
to tissue cells. Tliis description includes some minor modifications in 
the methods as originally reported by the above authors. Forkner 
(7) has shown that lymph nodes from certain areas of the body contain 
an abundance of monocytes, but that the exact relations of these cells 
in the tissues could not, by the methods then available, be demon- 
strated. The teclmique here recorded was elaborated for the study of 
this point. It has been found to be equally applicable for the study of 
.all supravitally stainable cells throughout the body. The process of 
staining and rapid fixation was developed by the writer. The method 
of dehydration and embedding is a modification of that recorded by 
Cash (1), to whom I am indebted for suggestions in the development 
of this technique. 

Method 

Apparatus . — An instrument which has been of great value in tliis work is a 
modified, self-retaining cannula. It is made by inserting a fish-hook (Fig. 1, a), 
the curve of which has been eliminated by heating and straightening (Fig. 1, ^), 
into the lumen of a No. 18 or 20 gauge transfusion needle in such manner that tlie 
barb of the hook protrudes over the edge of the needle, as shown in the accompany- 
ing figures (Fig. 1, c). About 1.5 or 2 cm. of the shaft of the hook lies witliin tlie 
lumen of the needle and if a slight bend is made in this shaft, it will retain its posi- 
tion within the lumen but can be removed for cleaning. lAffien such a needle is 
inserted into the heart, or into a large vessel, the barb catches and prevents its 
coming out. In this way the labor, time, and trauma caused by the insertion and 
ligation of a cannula are avoided. 

A large pressure flask (about 5 liters) is tightly stoppered and connected b,v 
means of rubber tubing with three outlets (Fig. 2) to (1) a blood pressure pmnp, (2) 
an Erlenme 3 ’'er flask containing 500 to 1000 cc. of 0.6 per cent neutral red (Griibler, 
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vild nach Ehrlich) in 0.9 per cent sodium chloride solution, and (3) Erleimeyer 
containing 500 cc. of Zenker’s fixing fluid containing 15 per cent formalin and 
no acetic acid (Fig. 2). The flasks containing neutral red solution and the fixing 
fluid each has a glass tube extending to its bottom, in order that all the fluid can 
be pumped out vrhen an increased pressure in the flask obtains. These glass tubes 



ABC 

Fig. 1. Diagram illustrating construction of special cannula for perfusion of 
small animals through the heart. 



Fig. 2. Apparatus used for staining of tissues and fixation of supra\’ital dyes in 
cells of the entire body. 


are connected by about 1.5 meters of small rubber tubing to tvro of the outlets of a 
three way stopcock. The remaining outlet of the stopcock is connected by a 
short rubber tube to the barbed cannula, as above described. 

Slah:ir.% of Tissues vr.ih cutral Red. — An animal (rabbit, rat, guinea pig) is 
anesthelixcd with ether and fastened, ventral side up, with cords to an animal 
board. A jugular vein is exposed and ligated at the end proximal to the heart. 
.'\n ordinara* cannula is inserted into the distal segment. The animal should now 
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be under deep anesthesia. Two routes maj' be used for injection of the neutral 
red. One can either insert a cannula into a common c.arotid arterj’', ligating the 
distal Segment of the arterj', and inject the neutral red through the carotid artery 
into the aorta, or a window about 2 cm. square can be quickly made in the lower 
left chest near the sternum, care being e.xerciscd not to injure the lungs. With a 
pair of blunt forceps, the parietal pericardium is torn away, the ape.x of the heart 
held, and the special self-retaining cannula quickly inserted into the left ventricle 
and the neutral red solution allowed to pass into the heart, under a pressure of 
from 100 to 150 mm. of mercuiy\ It is understood, of course, that tlie injection 
system must be free of air. At the moment of injection, the cannula in the jugu- 
lar vein is opened and the blood and neutral red solution are allowed to escape. 
The cords binding the legs are immediately released to promote a rcad\' circula- 
tion through the entire vasevdar system. The perfusion proceeds for from 15 to 
25 minutes, at the end of which time tlie entire animal is deep red in color. The 
perfusion fluid should be warmed to from 38° to 40°C. and the rubber tubing carrj'- 
ing the fluid immersed in a vessel of warm water at this temperature. If the heart 
becomes greatly distended, an incompetency of the mitral valve results with a 
back flow of neutral red into the lungs through the pulmonary" veins and consider- 
able fluid may thus escape through the trachea into the mouth. This may be 
avoided by clamping the trachea with a hemostat or by clamping off the left 
auricle. Likewise, intercostal or internal mammaiy- arteries may be clamped off if 
excessive fluid is being lost. 

The amounts of fluid described above are for rabbits. For animals of smaller 
or larger size, the amounts can be more or less proportionate. Considerably less 
neutral red solution is required if one injects by way of the carotid artery instead 
of through the left ventricle. In the rabbit or larger animals, the injection through 
the carotid is the method of choice. With rats, mice, and all small animals, the 
route through the left ventricle is much more feasible and it is for these smaller 
animals that the special barbed caimula is especially adapted. 

Fixation of Neutral Red in Tissues . — After all of the neutral red has been passed 
through the circiflation, the stopcock is adjusted so that the fi.xing fluid warmed to 
body temperature is injected immediately following the neutral red and through 
the same channels. About 500 cc. of fixing fluid perfused over a period of from 10 
to 20 minutes will reach every organ. The cannulae and aU instruments are then 
immersed in running water to prevent tarnishing with mercury. Instruments 
made of nickel-steel are not as readily injured by the fixing fluid. Organs are now 
removed and small blocks placed in a vessel or vessels containing the fixing fluid, 
where thej'^ are allowed to remain for from 12 to 24 hours at room temperature. 

Dehydration and Embedding . — It is necessary that blocks be cut not over 2 mm. 
in thickness, in order that rapid dehydration can take place. Such blocks are 
dipped in tap water and blotted to remove the excess of fixing fluid. They are then 
carried through the following solutions, blotting gently after each step up to No. 7. 
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Solution 1. 

Absolute ethyl alcohol- 

-rinse for 1 minute 

<{ 

2. 

tt tt tt 

5 minutes 

(S 

3. 

Pure acetone 

20 

« 

4. 

tt tt 

20 

It 

5. 

tt tt 

20 “ 

tt 

6. 

Xylol 

20 “ 

it 

7. 

tt 

20 “ 

tt 

8. 

56°C. Paraffin 

1-2 hours 

tt 

9. 

56°C. “ 

1-2 “ 


The blocks are then embedded in 56°C. parafim. 

Staining . — The sections are cut from 4 to 10 microns in thickness, mounted on 
slides previously prepared with albumin fixative, and allowed to dxv' in a 37° in- 
cubator for 4 hours, or preferably over night. The sections on the slides can be 
excellently treated by the drop bottle method as follows; (1) Xylol to remove 
paraffin 10 to 20 seconds; (2) Absolute alcohol 5 seconds; (3) 95 per cent alcohol 3 
seconds; (4) 95 per cent alcohol conta inin g 1 per cent iodine 15 seconds; (5) 95 
per cent alcohol several washings; (6) Absolute alcohol 5 seconds; (7) Clear in 
xylol; (8) Mount in balsam. 

With the above method the macrophages, monocj’-tes, and other 
vitally stained cells will stand out beautifully with the identical appear- 
ance of these cells, as seen in supravi tally stained films of liting cells. 

An excellent counterstain can be employed after step (5) as follows: 

(6 a) Distilled water for just long enough to overcome surface tension (3 to 5 
seconds); (7 a) Goodpasture’s acid polychrome methylene blue, full strength, for 
from 2 to 7 seconds; (8 a) Rinse quickly with water; (9 a) 95 per cent alcohol 5 
seconds; (10 a) Absolute alcohol 5 seconds; (II a) Xylol to clear; (12 a) Mount in 
balsam. Other methylene blue solutions may be used, but Goodpasture’s per- 
mits of rapid staining, does not obscure the neutral red, and causes no troublesome 
precipitates. 

Another method which is probably better than any other for demon- 
strating and preserving the cytoplasmic structures in supravitally' 
stained macrophages and monocytes, and at the same time giving a 
satisfactory nuclear stain and a beautiful staining of the reticulum- 
fibers is a modification of Foot and Menard’s (8) method for staining 
reticulum by silver impregnation. Tlie method is carried out in c.x- 
actl 3 * the same manner as described by Foot, except that the sections 
are not bleached. When stained in this manner, the neutral red is of 
course washed out or obscured, but all the cytoplasmic structures 
which are stained with neutral red become intensely black. The 
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monocytes, pre-monocytes, and macrophages show the t}T)ical char- 
acteristics, except that the cytoplasmic bodies are black. Detailed 
descriptions of these cells stained in the tissues by the above methods 
can be foimd in an accompanying paper (9). 

SUMMARY 

A simple, rapid method for staining all the supravitally stainable 
cells in the body, as in supravital preparations with neutral red, is 
described, together with a method for faitliful preservation of the dye 
in paraffin sections. The essential points of the technique are, first, 
to secure the reaction of cells to neutral red wliich corresponds to the 
so-called supravital technique, involving the reaction of only those 
substances which respond to the dye while the cell is living; and second, 
to preserve the stain through the processes of fixation, embedding, 
and counterstaining. 
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The purpose of this study was to determine the position of monocytes 
in certain lymph nodes and, if possible, to ascertain from what cells 
they arise. The writer (1) has shown in a previous co mm u n ication 
that lymph nodes from different parts of the body exhibit marked 
differences in C3d;ology and that developing monocytes may be found 
as normal constituents of aU the lymph nodes of the rabbit, e.xcept the 
large mass lying in the mesentery of the intestine. At the time of the 
earlier communication, no reliable method had been found for demon- 
strating the relationship of monocj'-tes within Ijnnph nodes to other 
tissue elements. The method used in these observ'ations, which has 
been fully described in another communication (2), gives true supra- 
vital staining of the cells, faithfully preserv'es this reaction in parafSn 
sections, and shows their relation to other cellular elements. 

The origin of the monocyte has been a much debated question. 
Various theories to the effect that monocytes arise from mj^eloblasts, 
Ijnnphocj'tes, endothelium, histiocytes, reticulo-endothelial cells, and 
from undifferentiated cells have been advanced. Each is supported 
by a certain amount of evidence. However, no clear cut e.\-periments 
are recorded to show that under normal conditions any of these cells 
give rise to monocytes. The miter agrees uith Ma-rimow (3) that 
the development of monocytes in the blood-forming tissues — “with 
the e,\'cepUon perhaps of the red pulp of the spleen” — has never been 
demonstrated. 

• Fellow of The Xatioaal Research Council. Washington, D. C. 
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Description of Cells 

The protocols to follow -nail state briefl}’’ what kinds of cells have 
been encountered in various tissues and will describe their morphologi- 
cal relations to each other. It seems expedient, therefore, to describe 
in some detail the cytological characteristics of the types of cells under 
discussion with special reference to supravital staining with neutral 
red and Janus green. 

Primitive Undiferentiated Cells (Fig. 10, “c”). — These elements can also be 
called mesenchjTne cells. They are undifferentiated and possess multiple poten- 
tialities for the formation of various mesench}’mal tissues. Entirely unstained by 
the supravital method, they are pale cells, with a round or oval nucleus and 
moderate cytoplasm containing no vitally stained granules. They have been 
described and illustrated by Cunningham, Sabin and Doan (4), by Forkner (1, 5), 
and others. They may be found in any of the blood-forming organs and probably 
possess multiple potentialities. In lymph nodes the}' doubtless represent the stem 
cells from which b'mphocytes, monocytes, macrophages, and fibroblasts are 
derived. 

Lymphocytes. — Ma.\imow (6) believes tliat lymphocytes are not definitive cells, 
but are the stem cells from which various other cells develop. In the opinion of 
others, they represent a definitive cell. The}' appear as small, intermediate, and 
large forms which take very little or no neutral red into their cytoplasm when 
stained supravitally. Their nuclei are usually round, but may be oval, indented, 
or even horseshoe shaped. The chromatin is characteristically in heav}' splotches. 
These cells usually have in their clear, hyalin cytoplasm a few round, globular, 
refractive, neutral red bodies. These bodies may at times be numerous and may 
even be arranged in the bay of the nucleus, in a rosette fashion about the centro- 
sphere. However, the character of the neutral red granules, the character of the 
mitochondria, the type of motility, and tlie other general characteristics of the cells 
do not permit of their confusion with monocytes. Lymphocytes possess abundant 
mitochondria in their cytoplasm. These structures in themselves are of a different 
morpholog}' than those in monocytes. They are larger and coarser. The mito- 
chondria are apt to be in clumps near the nucleus, but at times are found scattered 
through the cytoplasm. The lymphocyte possesses quite a characteristic t}'pe of 
motility. It moves with the nucleus in the forward portion of the cell, as has been 
shown by Sabin (7). 

Monocytes. (Figs. 1, 2, 4, 5, 6, 10). — Other' terms which have been applied 
to these cells are: large mononuclears and transitionals of Ehrlich, endothelial 
leucoc}'tes, and blood histiocytes. When stained with neutral red and Janus 
green, the monocytes of the rabbit possess features which permit of their easy 
differentiation from all other elements in the blood or tissues. They are large in 
size, as a rule, often e.vceeding all of the other blood cells in this respect. The 
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witli Giemsa stains. Their cytoplasm is vet}’' lightlj’^ stained and presents a verj' 
pale appearance 

Monoblast (Fig. 10). — This term has been frequentlj'^ used in the literature to 
designate the precursor of the monocyte. Bloom (10), however, in a recent paper, 
has made the statement that monoblasts do not e.\ist. The demonstration in 
hnnph nodes of monocytes in all stages of development allows one to shift the term 
monoblast from a more or less theoretical name to its proper place as a term desig- 
nating that particular cell whiclr is derived from a primitive undifTerentiated cell 
and which is the precursor of the pre-monocj'te. It is identified in preparations 
from peripheral lymph nodes bj' the fact that it is found in close association with 
pre-monocytes and monocytes in clumps of these cells. It appears to be identical 
with the pre-monocyte, except that it possesses no demonstrable segregation 
apparatus, that is, no supravitallj- stained neutral red bodies. It is easily demon- 
strable in paraffin sections of supravitall}'^ stained lymph nodes (Fig. 10). 

Mesenchymal Macrophages . — There is no group of cells which has rccei^’ed more 
names, nor about which there is more confusing terminology' than the cellular ele- 
ments included under this term. The various terms present in the literature to 
designate tire phagocy'tic cells under discussion are: macrophage, clasmatocyte, 
adventitial cell, resting wandering cell, rhagiocrine cell, reticular cell, reticulo- 
endothelial cell, endothelial leucocyte, pyroll cell, and histiocyte. The writer(l 1) 
has recently critically reviewed the literature on this subject and has proposed that 
we revert to the original descriptive term “macrophage” which was first applied to 
these cells by Metchnikoff (12, 13). It was proposed to limit tlie term, conforming 
to our present knowledge, and to include only those cells of mesencliymal origin 
which possess the property of phagocytosis of debris, or of staining intensely with 
moderate doses of vital dye in the living state. A\niere particular groups of macro- 
phages are to be discussed in this paper, they will be designated as: macrophages 
of the lymphoid tissue, macrophages of the adventitia, macrophages of the common 
connective tissue, macrophages lining the lymph sinuses, etc. Such cells, supra- 
vitally or vitally stained, have been abundantly^ illustrated in the literature by' 
many investigators (14, 15,8, 16, 1). They' are cells of large size (Figs. 4, 9). The 
nucleus is usually' near the center of the cell, is round or oval, and has a delicate 
chromatin network. The cy'toplasm is abundant and possesses few or many 
irregularly' sized and shaped bodies, scattered throughout without any' pattern or 
definite arrangement. These bodies may' represent debris whidi the cell has 
phagocytized, or in many instances, they' represent vacuoles in which the neutral 
red or vital dy'es have been assembled. The cy'toplasmic structures are not only' 
heterogenous in size and shape, but also frequently' show various shades of stain- 
ing. This is in contrast to the uniform homogeneous appearance of the cy'toplasmic 
structures in monocy'tes. The macrophages lining the sinuses (reticulo-endothe- 
lial cells — Fig. 8) are similar in their reactions to dy'es and foreign material. The 
latter cells are fixed, are often flattened or elongated, and can be selectively' stained 
with vital dy'es. By' appropriate experiments, reported in the protocols of this 
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paper, it is shown that these cells are among the first to stain with vital trj-pan 
blue, whereas the phagocjUic macrophages of the reticular sjmcj’tium and the free 
macrophages in the Ijunphoid tissue may be almost entirely unstained with few 
doses of this dye. However, this difierence is probably dependent on the fact that 
the former, by mrtue of their anatomical position, are more directlj' e.vposed to 
the material passing through the l>'mph node. It is also significant that the 
macrophages lining the lymph sinuses (reticulo-endothelial cells) and the phagocj’- 
tic macrophages of the reticular sjTicj-tium are identified with the formation of 
reticulum fibers, whereas free macrophages are not. 

Plasma Cells . — These cells should be described here because they frequently are 
found in lymph nodes of rabbits and other mammals. So far as the writer is 
aware, there has been only one description of these cells as they appear in supra- 
vital preparations. An analysis of the literature on this point wiU be considered 
in the discussion at the end of this paper. On the whole, they are about the size 
of intermediate lymphocytes, but may be smaller and are often somewhat larger. 
They possess, as a rule, more cytoplasm in relation to the nucleus than do lympho- 
cy'tes. The nudeus is generally round or slightly oval, and is often eccentrically- 
placed in a manner which is well-known for these cells. The one spedal character- 
istic possessed by these cells, when seen in supravital preparations stained with 
neutral red and Janus green, is that the cytoplasm has a peculiar and characteristic 
appearance. It is homogeneous and possesses a faint yellow tinge, almost like 
that of a nucleated red cell in which the full quota of hemoglobin is not present. 
Because of this fact, plasma cells in lymph nodes have often been nustaken for 
developing erythrocytes. Plasma cells in lymph nodes often contain in their cyto- 
plasm, as do lymphocytes, one or a few small, refractive, globular, neutral red 
bodies. Mitochondria are frequently numerous and of the same type as those 
described for lymphocytes. In no instance have plasma cells been seen possessing 
segregation granules resembling those formdinmonocy tes or pre-monocytes. They 
are easily distinguished from these latter cells. 

Materials and Methods 

Normal rabbits, guinea pigs, and rats v-itally stained with trypan 
blue have been used in these experiments. The method has been 
completely described in an accompanying paper (2) which should be 
consulted for repetition of these experiments. Let it suffice to say 
here that sections of tissues which have been stained supravitally 
alone or in combination with vital staining are in many instances more 
instructive than the living supravitally stained cells. The chief 
advantage of the method is that the supravital staining is preserved 
in paraffin sections. A few typical protocols of experiments arc given 
in the follom’ng pages. 
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PROTOCOLS OF EXPERIMENTS 

Experiment 1 . — Rabbit 2. The animal fresh from slock was etherized. Neutral 
red, 0.6 per cent, in 0.9 per cent sodium chloride solution, dissolved by warming 
and then filtered, was injected at body temperature and at 150 mm. of mercury 
pressure, through a cannula into the exposed left ventricle. A cannula was placed 
in the right jugular vein, through which the perfusion fluid and blood were allowed 
to escape. The animal was thus perfused with about 800 cc. of the neutral red 
solution over a period of 25 minutes. Immediately following, Zenker-formol solu- 
tion was similarly injected at body temperature through the same cannula, over a 
periodof 20 minutes. Tissue from the various organs was removed, placed infixing 
fluid of the same kind, and allowed to remain over night. The method of staining, 
fixation, dehydration, embedding and counterstaining is described in detail in the 
accompanying paper (2). 

The organs were all well stained e.xcept the bone marrow, which contained only a 
few areas of stained cells in the immediate neighborhood of the nutrient arteries. 
Much neutral red had accumulated in the stomach and intestines which were 
dilated and the contents of which were dark red in color. 

Peripheral lymph nodes were normal in size and stained a dark red color. On 
histological examination, all the nodes were essentially alike, except that some con- 
tained more monocytes than others. Some of the lymph nodes were heavily 
laden with monocytes which were situated in the lymphoid tissue in and aroimd 
the primary follicles. Also in some nodes monocytes were present in large num- 
bers in certain of the secondary follicles, the so-called germinal centers. Most of 
the germinal centers, however, contained ver}’^ few or no monoC 3 des. The mono- 
cytes, as seen in sections, were often in clumps of from four to twenty or more 
cells (Figs. 1, 3, 5, 6, 10). These clumps were characteristically a part of the 
parenchyma of the Ij^mphoid tissue and were not free or separated from the 
lymphoid cells by any perceptible bounda^}^ Man}'- monocytes were also found 
diffusely scattered through the cortical tissue, but were almost never present in the 
medullary cords. These cells were easily recognized b}”- their characteristic appear- 
ance. It is interesting to note that they were not in anj' wa)"^ related, in their posi- 
tion, to cells lining the sinuses. It is true that occasional monoej’-tes are found in 
the sinuses (Fig. 5) and in the medullarj'- cords, but this is not at all a common oc- 
curence. Their histological appearance cannot be confused with that of the macro- 
phages lining the lymph sinuses (Fig. 8), the cells of the so-called reticulo-endothe- 
lium. Monocytes in various stages of development can be easily demonstrated, 
particularly in areas where monocytic cells are numerous (Fig. 10). The life 
cycle can be traced from undifferentiated cells through the stages of monoblasts and 
pre-monocytes to mature monocj^tes. 

Free macrophages, so-called reticular cells, are likewise munerous in the pe- 
ripheral lymph nodes, but are not as abundant as monocytes. They are found 
within the sinuses, in the parenchyma of the lymphoid tissue, and may be scattered 
through the follicles (Figs. 4, 9), being present at times in the secondan’^ follicles. 
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These free macrophages vary tremendously in size from that of a large I>’mphocy te 
to giant cells with abimdant cjToplasm and several nuclei. As a rule the cj'to- 
plasmic bodies are scattered throughout the cell without pattern and conform 
closely to the description previously given. However, certain rmmistakable, free 
macrophages have the cjU;oplasmic bodies arranged in the form of a ver3' large 
rosette. This rosette is not composed of the uniform, fine, brick red, non-refrac- 
tive, neutral red bodies typical of the monocyte, but, on the contrary, the vacuoles 
are coarse, irregular, of different shades of color, and possess different refractive 
properties. By diligent search, cells can be found which cannot with certainty 
be placed in one or the other group. These cells must be considered carefully, for 
they suggest that imder physiological conditions monoQ'tes maj-- be transformed 
into macrophages. This point will be considered in the discussion to follow. 

Plasma cells were foimd in the Ijunph nodes of this animal (Rabbit 2) . In some 
areas they were numerous. These areas were chiefly located in the less dense 
lymphoid tissue and not in the follicles themselves. The plasma cells were easily 
distinguished from all the other cellular elements. 

Mesenteric lymph nodes differ considerably in their cytologj’ from the other 
lymph nodes, as discussed in detail in an earlier paper (1). The essential differ- 
ences are: (a) almost complete absence of monocj'tes in mesenteric l>'mph nodes, 
but an abundance in peripheral Ijunph nodes; (b) presence of more macrophages, 
chiefly those lining the sinuses, than in peripheral nodes; (c) presence of many more 
large lymphocj'tes with abundant basophilic cytoplasm in the mesenteric than in 
the peripheral Ijunph nodes. 

Spleen . — No developing monocj'tes were found. Occasional, fully developed 
monocj’tes were present. Many free macrophages were present, some of which 
contained fragmented cellular debris. 

Thymus . — An abundance of free macrophages was present, chiefly limited to 
the cortical zone. No monocytes could be found in either the cortical or medullaiy 
zone. 

Ln’cr. No monocytes were present. Many macrophages (Kupffer cells) were 
in the capillaries. The organ presented an entirely normal appearance. 

Omailum. Paraffin sections demonstrated a few small groups of monocj’tes, 
and this possibly represents a place of development for these cells. Their num- 
ber, however, was insignificant v hen compared with the number found in the 
lymph nodes other than the mesenteric massof Ij’mphoid tissue. Many monocytes 
appeared to lie on the surface of the serosa, as though they had been present in the 
peritoneal fluid and had adhered to the omentum. It must be strcsscxl. ho’.vever, 
that in supravital films of the omenta of normal rabbits, rats, and guinea pigs, milk 
spots can be seen composed almost crsdusivcly of monocytes, others containing 
primarily macrophages, others Ij'mphocytes. and still others primitive undifferen- 
tiated cells. Such findings indicate that in the omentum there arc present many 
cells possessing mcscnchj’mal potencies. Many free macrophages were fcand in 
the omentum of the animal described in this protocol. .^Iso. m.anv elongated. 
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fixed macrophages in close association with fibroblasts and connective tissue fibers 
could be demonstrated. 

Bone imrroxv . — The bone marrow was not well stained in this animal but will 
be described in some of the protocols which follow. 

Many other organs were studied, but their description is not relevant. 

Expcriincnl 16 . — Rabbit 16. The animal was used in an attempt to inject 
neutral red more directly into the vessels of the posterior extremities in order to 
stain supravitally the bone marrow cells. The abdomen was opened under ether 
anesthesia and a cannula inserted into the abdominal aorta, just above the pelvic 
brim. Neutral red, 500 cc. of a 0.6 per cent solution in normal saline, was then 
slowly perfused through the vascular S 3 'stem of the posterior extremities under 
the same conditions as those in E.xperimcnt 1. The same fi.xing fluid was also 
used. 

After this process the bone marrow was removed intact with blunt forceps. 
Dehydrating, clearing, and embedding were carried out as in Experiment 1. The 
marrow was distinct^ red, particularl}’^ in the neighborhood of the nutrient vessels. 
L 3 Tnph nodes from the popliteal and inguinal groups were also saved. 

Microscopically the marrow showed large areas which were idcallj' stained with 
neutral red in a manner which renders the differentiation of the cellular tj^pes easy. 
The bone marrow from the long bones of rabbits is vary active in blood formation 
and contains granuloc 3 '’tes, erj'^throcytes, and megakarj'ocytes in all stages of 
development. Macroscopically it is red and highly vascular. It is not within 
the scope of this paper to describe the histological details of the findings, except to 
say that monoc 3 '’tes cannot be found in an 3 ' part of the marrow. Free macro- 
phages are scattered sparing^ in the tissue. Macrophages lining the capillaries 
in the marrow, the so-called reticulo-endothelial cells, are abundant and for the 
most part are elongated and contain coarse, neutral red bodies in their c 3 '’toplasm. 
They resemble the macrophages lining the l 3 'mph sinus in lymph nodes. In no 
instances can cells be found which can be interpreted as transitional phases be- 
tween macrophages and monoc 3 '^tes. 

It had been demonstrated in the above experiments that all supravitall3’' stain- 
able cells in the body could be easil3'- stained with neutral red and the color pre- 
served in paraffin section. Vital staining with d3’^es such as trypan blue, Niagara 
blue, and lithium carmine has long been emplo3’’ed to mark out tlie cells of the so- 
caUed reticulo-endothelial S3’’stem. It was proposed, therefore, at the suggestion 
of Professor Aschoff, to use the combined methods of supravital staining with 
neutral red and vital staining with trypan blue to determine whether or not the 
developing monocytes really belong to the reticulo-endothelial S3’^stem, the S3"stem 
of histiocytes, or of mesenchymal macrophages. Paraffin sections of such tissues 
show that the C 3 ’^toplasmic structures in the cells which have been previous^’’ 
vitally stained with trypan blue and subsequently counterstained with neutral 
red present a violet color, whereas those cells which have not been capable of taking 
up tr3rpan blue and contain onty neutral red possess a pure red color, just as though 
no tr3'pan blue had been introduced. The following experiment was performed. 
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Experimml 17 . — ^Rabbit 17. A normal rabbit vras given a series of five intra- 
venous injectons of a sterile, 1 per cent, aqueous solution of trj'pan blue. The 
injections were given ever>' second day. 24 hours after the last injecton of trepan 
blue, the animal was perfused, through the left heart, with 1000 cc. of 0.5 per cent 
neutral red, dissolved in normal salt solution. The perfusion and fixation were 
carried out imder the same conditions as in Experiment 1. The general appear- 
ance of the tissues changed from a blue to a purple color during the course of the 
perfusion with neutral red. 

Microscopic e.xamination of the Ijmph nodes demonstrates clearly that the 
pre-monocytes and monocj'tes in the hmph nodes are not stained with tiypan blue. 
On the other hand, many free macrophages (reticular cells), many phagocj'tic 
cells of the reticular S3’ncytium, and practically all of the macrophages lining the 
Ijmph sinuses (reticulo-endothelial cells) contain an abimdance of tiypan blue, as 
well as neutral red. It must be stated that many macrophages in the Ijmphoid 
follicles contain veiy little or no trjqian blue. Also, certain cells can be seen to be 
more abundant than in normal animals, which morphologically represent stages be- 
tween tj’pical monocj’tes and tj^pical macrophages and which are, /almost without 
doubt, transition phases in the development of the latter from the former. These 
cells are likewise intermediate in their reaction to trypan blue, taking only a small 
amount of this dye. All transition phases can be demonstrated between mono- 
cytes containing neutral red but no trypan blue, and macrophages containing an 
abundance of both colors. 

Another e.xperiment was undertaken to confirm these findings. It 
was proposed to inject much more of the trj'pan blue to determine 
whether excessive doses of this dye would alter the above findings. 

Experiment IS . — Rabbit 18. This animal was treated with five intravenous 
injections of 6 cc. each of a 1 per cent aqueous solution of trypan blue, followed 
by a scries of four injections of 8 cc. each of the same solution. These injections 
were also given on every second daj'. 24 hours after the last injection, the animal 
was perfused with 800 cc. of 0.7 per cent neutral red solution and then with fi.xing 
fluid, as in the prewous c.xperiments. 

The results of this experiment are, so far as the point under dis- 
cussion is concerned, in entire agreement with those of E.xperiment 1 7. 
There are, however, a few additional points which should be men- 
tioned. It will be remembered that in Experiment 1 7 the macrophages 
lining the lymph sinuses were strikingly colored with the trepan blue, 
whereas only a portion of the free macrophages and macrophages of 
the reticular sjuicxTium were stained. In Experiment IS, practically 
all of these macrophages contained an abundance of tiypan blue. 
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whereas monocytes lying in close proximity to these cells remained 
unstained with vital dye, but were riclily colored with neutral red 
(Fig. 9). This fact demonstrates that, even vdth prolonged adminis- 
tration of large doses of vital dye, the monocytes and pre-monocytes of 
the lymph nodes remain unstained. In tliis experiment there were 
more cells which might be interpreted as intermediate stages from 
monocytes to macrophages (Fig. 9). 

It is interesting also in this experiment that the macrophages of the 
liver capillaries (reticulo-endothelial or Kupller cells) were increased 
considerably in number and for the most part contained a large amount 
of trypan blue. Also in the sinuses, one sees occasional typical mono- 
cytes, often three or more in a clump. Moreover, typical transition 
forms from monocytes to macrophages can be demonstrated. This 
finding in the liver will be discussed in another portion of this paper. 

DISCUSSION 

The literature on the origin of the monocyte shows that no one has 
as yet proved the derivation of this cell from any fixed cell in the body. 
Numerous investigations have been reported on the mode of produc- 
tion of these cells under pathologic or tissue culture conditions. These 
reports are contradictory, excellent workers stating that they arise 
from endothelium, lymphocytes, myeloblasts, histiocytes, etc., and 
equally competent investigators denying these statements. The re- 
port contained in the present contribution deals with normal animals 
and demonstrates a site of origin and development of monocytes under 
physiological conditions. It shows that monocytes are formed in 
certain specific blood-forming organs and in this respect are analogous 
to all the other structural elements of the blood. The analogy can 
be carried even further for, like other white blood cells,- they are shown 
to be derived from primitive, undifferentiated, cellular elements and 
their various stages of development can be clearly demonstrated. 

It is not denied that monocytes may, under abnormal conditions, 
be abnormally produced in abnormal locations. On the contrary, it 
has been shown conclusively by numerous investigators that under 
experimental or pathologic conditions, monocytes may arise in various 
organs and tissues of the body. This, however, is likewise true of 
lymphocytes and granulocytes. 

The methods here reported for the study of the development of 
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monocytes in lymph nodes have been equally applicable to the study 
of these and related cells in all organs of the body. They have demon- 
strated conclusively that, in the bone marrow of the long bones of 
rabbits, developing monocytes are not to be foimd, although the 
marrow is very active for the production of granulocydes and erjdhro- 
cytes. This confirms the observations of Sabin and Doan (17). 
These authors gave the first direct, conclusive evidence that in the 
rabbit, under physiological conditions, monocytes are not derived from 
myeloblasts or any other cell in the bone marrow. 

iMonocj’tes have been said to arise in considerable numbers in the spleen. Sec- 
tions of supravitally stained spleens of the animals used in these experiments have 
failed to show more than occasional monocytes and verj' rarely pre-monocj’tes. It 
is thus apparent that the spleen plays no significant part as an organ in which 
monocytes are produced. 

Maximow (3), Bloom (10), jNIasugi (18), Rhoads and Parker (19), Witts and 
Webb (20), and others have maintained that monocj’tes do not occur in any 
significant numbers in Ijmph nodes. AH of these investigators employed the 
supravital technique, together with other methods, for their studies. Ivlaximow 
(3) and Bloom (10) have used these results as one of their reasons for affirming the 
original contention of Maximow that monocj'tes are formed from hmphoca'tes in 
^ the blood stream bj* individual transformation of the latter cells. On the other 
hand, Masugi (18) made use of the same evidence to uphold his \’iew and that of 
Aschoff (21) that monocj'tes are formed bj' transformation from histiocj'tes and 
reticulo-endothelial cells. It has been possible to utilize the same evidence for 
the support of each \dew because a gap has been present in our knowledge of the 
development of monocj'tes. 

Although Bloom (10) reccntlj' has reported that all transition stages between 
Ij'mphocj'tcs and monocj'tes maj' be found in the blood of animals e.xperimentally 
infected with B. monocylogaics, this has not been confirmed bj' Witts and Webb 
(20). Furthermore, no cells are shown in Bloom's figures, or described in his paper, 
^ ^\hich correspond to the earlj' developmental forms of monocj'tes, as seen in peri- 
pheral Ijmph nodes. It is not intended to implj' that the development of mono- 
cj'tes from Ij'mphocj'tes in the blood stream is impossible, but to indicate that the 
evidence is insufficient to prove that under phj'siological conditions this is the 
mechanism for their formation. 

In other e.xperimcnts of Bloom (22, 25) he cultured Ij-mph from the thoracic 
duct and after a lime recovered monocj'tes. But one cannot be certain that all 
the cells in the tlioradc duct arc Ij'mphocj'tes. It is not uncommon to find un- 
differentiated cells which possiblj’ possess multiple potentialities. E'.'c.n if one 
.assumed that a pure culture of Ijmphocj'tcs could give rise to a p'ure cult'urc of 
monocj'tes, one would still ha'.'c to shov.- that this is the mechanism bv whidi 
monocj'tc.s arc produced under phj'siological conditions. 
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None of my evidence supports the view that monocytes arc, under normal condi- 
tions, derived from ordinary blood vessel endothelium, macrophages lining the 
lymph sinuses (rcticulo-cndothelium), or from free macrophages. Undoubtedly 
however, desquamated rcticulo-cndothelial cells do occur under certain conditions 
in tlie blood stream, as pointed out by Mallory (24), and many others. Sabin and 
Doan (25) maintain that under normal conditions there is a practically constant 
desquamation of endothelial cells into the circulating blood in rabbits and man. 
It is difficult to conceive of how these cells could give rise to monocytes. Further- 
more, no direct evidence for such transformation is recorded in the literature. The 
reports of Schilling (26) and of otliers that monocytes have been seen to arise from 
the Kupffer cells in the liver demand discussion, since it has been shown in this 
communication (Experiment IS) that monocytes may be foimd in the liver capil- 
laries in small numbers when animals are vitally stained with tr^qian blue. In 
addition, transition forms between monocytes and macrophages and between 
monocytes and epithelioid cells are demonstrable. It is probablj' such findings in 
pathological material that have been responsible for tlie theorj'- that monocytes 
arisefrom Kupffer cells. The evidence, as will be pointed out presently, is decidedly 
against the theory of the transformation of Kupffer cells into monocytes. 

On the otlier hand, one does find evidence for the hypothesis that monocytes may 
be transformed into free macrophages, and this probably represents one of the 
modes of formation of the latter cells. Such proof is recorded in tlie protocols of 
this paper. It is consistent with Simpson’s (8) production of macrophage showers 
in the circulating blood. These showers were generally preceded by a marked 
monoci'tosis and the presence of cells which probably represented transition phases 
between the two types of cells. A typical protocol shows that the show'er phenom- 
enon first occurred after twenty-six injections over a period of 2 months. Masugi 
(18) has recently contested the findings of Simpson (8), although he seems not to 
have repeated the experiments. He explains the macrophage showers of Simpson 
as due to aspirated pericardial fluid. 

Tissue cultures of the buff)'' coat of the blood (27, 28) have likewise shown that 
monocytes readily may be converted into macrophages. Carrel and Ebeling 
(29) compared the results of tissue cultures of monocytes from the blood and macro- 
phages from the subcutaneous tissues of chickens. They found a transformation 
of monocytes into macrophages. 

From the experiments recorded in this communication and from the 
experiments of many -workers in the past, it appears to be proved that 
macrophages in lymph nodes may arise directly from the undifferen- 
tiated cells of the reticular syncytium, or that they may arise from 
monocytes which, in their turn, are derived from the same mother 
cells. 

A schematic outline of the development of monocytes and macro- 
phages in lymph nodes is presented in the accompanying diagram. 
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All the cells mentioned in the diagram may be seen in peripheral 
lymph nodes when stained and sectioned according to the writer’s 
methods (2). They may originate in other manners besides those 
there given, but the diagram indicates one common method of their 
origin under physiological conditions. The peripheral lymph nodes 
are the only organs of rabbits in wliich one can constantly find mono- 
cytes in all stages of development. 

Mcjunkin (30) has thought that monoc 3 ’^tes are derived from what 
he calls “reticular lymph vessel endothelium” in lymph nodes. His 
methods, in my hands, have proved unsuccessful for the demonstra- 
tion of monocytes, supravitally stained in paraffin sections of lymph 
nodes. On the other hand, many free macrophages and macrophages 
lining the lymph sinuses can be stained and demonstrated by his 
methods. Possibly Mcjunkin has confused these elements with 
monocytes. 

What is the relation of monocytes to the reticulo-endothelial system? 
The experiments (Nos. 17 and 18) recorded in the protocols have 
demonstrated that monoc 3 '’tes and pre-monocytes, in the tymph nodes, 
remain unstained when the animals are repeatedly injected over a 
long period of time mth tr 3 'pan blue. These facts are in agreement 
with the general opinion that monocytes do not stain with %dtal dyes. 
There is one exception, however, which must be mentioned here. 
Doan, Sabin, and Forkner (31) have shown that some monoc 3 '’tes, 
epithelioid cells, and epithelioid giant cells may be stained ^^tally 
when directly exposed to tr 3 fpan blue over a long period of time. 
This result might have been predicted, since Kj 3 ’’ono (14), Evans and 
Scott (15), and others, have demonstrated that in connective tissues 
even fibrocytes may become vitally stained after prolonged treatment 
with tr 3 ^an blue or Niagara blue. The only conclusion which one 
safely can make with regard to the relation of monocytes to the retic- 
ulo-endothelial system is that they do not stain vitall 3 ^ by tlie usual 
methods which are used to demonstrate this system. 

The question of the relationships between lymphocytes, monocytes 
and plasma cells in the rat has been discussed by Bloom (32). He has 
concluded that plasma cells often possess rosettes of neutral red bodies 
and that all transitions exist between plasma cells and monocytes in 
lymph nodes. The present work on rabbits does not support the 
conclusions of Bloom. 
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The question natiirally arises: How do monocytes reach the blood 
stream, a point which has already been discussed by the writer (1). 
They probably gain admission to the capillaries by means of their 
own motUity in much the same manner as do the granular leucocytes. 
It is true that in the peripheral lymph nodes developing monocytes 
are frequently found in dose proximity to the capillary vessels (Fig. 
10). It is also probable that many l 5 Tnphocytes which develop in 
the spleen and lymph nodes wander into the blood stream. 

SUMMARY 

1. The theories for the origin of monocytes from mydoblasts, lym- 
phocytes, endothelium, macrophages, and primitive cells are reviewed 
and considered. 

2. Monocytes in all stages of development have been demonstrated 
to be present constantly in large numbers in aU the lymph nodes of the 
body, except in the large mesenteric group. 

3. The relations of these cells to imdifferentiated cells, lymphocytes, 
macrophages, plasma cells, and endothelium are described. 

4. The origin of adult monocytes from primitive undifferentiated 
cells through the stages of monoblasts and pre-monociTes is described 
and illustrated. 

5. The demonstration in certain lymph nodes of innumerable mono- 
cytes in all stages of development permits of a shifting of the term 
“monoblast” from a more or less theoretical name to its proper place 
as a term designating that particular cell which is derived from a primi- 
tive undifferentiated cell and which is the immediate precursor of the 
pre-monocy'te. 

6. The term “pre-monocyte” is proposed to designate the inter- 
mediate stage between the monoblast and the mature monocy'te. 

7. Eridcnce is advanced to show that monocytes are an indepen- 
dent strain of cells, but that under physiological conditions they may be 
transformed into macrophages, this representing at least one way in 
which the latter cells normally are produced. 

8. In no organs or tissues other than in certain specific lymph nodes, 
chiefly the peripheral group, can one constantly find monocytes in all 
stages of development. 

9. Developing monocytes occasionally may be found in small num- 
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bersin the spleen, mesenteric lymph nodes, Peyer’s patches, subcutane- 
ous connective tissues, lungs, and omenta of normal rabbits, but their 
presence is by no means constant and their numbers are insignificant 
in comparison nfith those found in the peripheral lymph nodes. 

10. Monocytes and pre-monocj^tes do not stain by the common 
methods used for the demonstration of the reticulo-endothelial S3^s- 
tem and therefore must be considered for tlie present as independent 
of this system, except in so far as monocytes may be transformed into 
macrophages. 

11. Plasma cells, stained vnth the supravital technique, as seen in 
lymph nodes, are described. No basis has been found for the theory 
that plasma cells and monocytes are closely related structural elements. 

I wish to express my appreciation and gratitude to Professor Lud- 
wig Aschoff, in whose laboratory this work was done, for his many 
helpful suggestions. 
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EXPLAN.ATION OF PL.4TES 
Plate 12 

Fig. 1. Peripheral Ijunph node of a normal rabbit. X 1000. Paraffin section. 
Stained supra^-itallj- with neutral red. Here is an area of developing monocj'tes 
in the less dense Ij-mphoid tissue at the periphery' of a primarv* follicle. This is not 
an isolated or single group of monocjTes. The picture may be duplicated many 
times in almost any section of the peripheral nodes, when properly stained. All 
stages are present, from monoblasts to mature monocj'tes with well-formed ro- 
settes. 

Fig. 2. Peripheral Ij-mph node of a rabbit. XS20. Paraffin section. Stained 
supra\'italh' with neutral red. Counterstained lightly with Goodpasture's acid 
polj'chrome mcthj-lene blue. This figure shows developing monocj'tes within a 
primarj' follicle of the Ij'mph node. The size of the cells can be Compared with 
that of the Ij'mphocj'tes at the left of the figure. The delicate, faint outlines of 
the nuclei can be clcarlj* seen. 

Pl\te 13 

Fig. 3. A follicle in a peripheral Ij-mph node of a norma! rabbit; a low porver 
\'icw of the same area sho'.vn in Fig. 2. X 2S0. Paraffin section. Suprar-itallv 
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stained with neutral red. Lightly countcrstamed with Goodpasture’s acid poly- 
chrome mctli 3 dene blue. Not all follicles contain monocj'tcs. !Many contain 
more monocytes than this and some ma}' be almost cntircl}" composed of such cells. 
It will be seen that the}’- are independent of reticulo-cndothelium and of common 
blood vessel endotliclium. They develop from tlic undifferentiated parcnchjTnal 
cells of the stroma. 

Fig. 4. Peripheral ]}inph node of normal rabbit. X1200. Paraffin section. 
Stained supravitally with neutral red and counterstained by a modification of Foot 
and Menard’s rapid silver metliod. The upper part of the photograph represents 
the peripheral portion of a primarj’- follicle. In the center, at the periphery' of the 
follicle, two monocytes with weU-developcd rosettes can be seen, “a.” To the right 
is a free macrophage showing the character of the c 3 ’toplasmic structures in these 
cells, “b.” 

Fig. 5. Peripheral l 3 'mph node of a normal rabbit. X1200. Paraffin section. 
Staining as in Fig. 4. Here monocytes and pre-monocytes are shown in a peripheral 
sinus. They rarely appear in the sinuses. They are shown here as free cells 
which have probably made their wa}"- into tlie sinus b}" means of their own motilit}’. 

Fig. 6. A group of monoc 3 des, pre-monoc 3 ’tes, and monoblasts in a peripheral 
l 3 miph node of a normal rabbit. X 1200. Staining as in Fig. 4. 

Plate 14 

Fig. 7. Peripheral lymph node of a normal rabbit. X 1200. Stained as in 
Fig. 4. Here is shown a group of early pre-monocytes and monoblasts. The 
former have small rosettes not fully developed, whereas the latter are entirely simi- 
lar, except for the absence of the neutral red bodies. 

Fig. 8. An area of lymphatic tissue between follicles of tymphoid tissue of a 
normal rabbit. X 1200. Stained as in Fig. 4. The macrophages of the sinuses 
(reticulo-endothelial cells) are shown. These cells contain reticulum fibers and 
also irregular masses of neutral red. Monocy'tes cannot be found developing from 
these cells. Compare the monocytes of Fig. 7 with the reticulo-endothelial cells 
of Fig. 8. 

Plate 15 

Fig. 9. Peripheral lymph node of rabbit treated with 9 doses of trypan blue 
(Experiment 18). Subsequently stained supravitally’- with neutral red. Paraffin 
section X 820. Here can be demonstrated intermediate stages in the transforma- 
tion of monocytes into free macrophages, "a” point's toward a cell which has a large 
rosette of neutral red bodies. In addition, a few globules of tr 3 ’pan blue have been 
taken into the cell. The granules of the rosette are larger than those usually seen 
in monocytes. It is a transition form but still possesses most of the characteris- 
tics of a monoc 3 ’te. The cell to the right of the arrow leading from small letter 
“a” represents another step in the transition. It possesses an abundance of both 
neutral red and tr 3 q)an blue. The cell indicated b-y “b” is a genuine macrophage 
which has probably developed from a primitive cell directly without first having 
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been a monocyte or pre-monocyte. It contains both dyes in abundance, “c” 
indicates a fully developed monocj’te. It contains much neutral red, but no 
tr 3 'pan blue, “d” indicates a developing monocyte, a pre-monocyte, with a char- 
acteristic rosette containing only neutral red bodies. 

Fig. 10. An area of developing monocytes closely adjacent to a caphlaiy blood 
vessel in a peripheral lymph node. Paraffin section X 820. Stained as in Fig. 1. 
The small letters “a” point to cells which are regarded as monoblasts. They do 
not possess rosettes and yet are somewhat more differentiated than the primitive 
cells “c.” The letter “b” indicates a pre-monocyte and “d” a weE-developed 
monocyte. At the upper right hand comer a small capillary blood vessel is seen. 
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THE SUSCEPTIBILITY OF MARIMOSETS TO YELLOW 
FEVER \TRUS 


By NELSON C. DAVIS, M.D. 

{From Ike Yellow Feser Laboratory of the International Health Division of the 
Rockefeller Foundation, Bahia, Brazil) 

PlATE 16 

(Received for publication, May 16, 1930) 

Previous studies at this laboratory have demonstrated a relative 
susceptibility to yellow fever virus in the Capuchin (1, 2), “spider,” 
“woolly,” and “squirrel” (3) monkeys of Brazil. In the present 
paper it is proposed to discuss transmission experiments with certain 
more primitive genera, the members of which are usually called 
“marmosets” in English and “saguins” in Portugese. These are 
very small and rather delicate monkeys, not particularly suitable for 
laboratory experimentation. It has been oui experience that the 
mortality is rather high among recently captured specimens, but 
that the survivors which become accustomed to captivity can be used 
after a few weeks with less likelihood of deaths from unexplained 
causes during the course of the experiments. 

Stokes, Bauer, and Hudson (4) inoculated marmosets with yellov,* fever ^^rus in 
Africa. Apparently, the lesions in their Marmoset 63 were similar to those found 
by us in C. albicollis. They saj’ in regard to their cirperiment: “Although there 
was no obvious other cause of death, the lesions in this animal did not furnish 
sufficient cwdence for the conclusion that it had died of yellow fever infection.” 

Genus Callithrix. True ^larmosets. C. albicollis (Spix) 

Callilhrix albicollis is found in great numbers in the cn\'irons of 
Bahia. Twenty of this species were used in the experiments here 
reported. 

It was found comparatively easy to pass yellow fever xarus through 
these marmosets and back to rhesus monkeys, either by blood transfers 
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SUSCEPTIBILITY TO YELLOW PEVER VIRUS 


or by mosquito feeding. However, after the virus was carried through 
a series of marmosets, it appeared to decrease in virulence for M. 
rhesus. Tliis was not the case when the virus was passed through 
certain other species of Brazilian monkeys. A verj’^ few of the marmo- 
sets showed a definite fever (104°F., or above). Most of them died 
while under observation, but the lesions found at necropsy did not 
resemble those of yellow fever as seen in humans, in the rhesus monkey, 
and in certain other species of monkeys. 

Experiment I. — On October 29, 1929, Marmoset 4 was inoculated intraperi- 
toneally with 2.5 cc. of citrated blood, containing Asibi strain virus, from M. rhesus 

Scheme I 

(S.R. strain of 3 'ellow fever virus) 

M. rhesus R16 Atclcus atcr 3 

. \ / 

mosquito Batch 245 mosquito Batch 249 

\ i./ 

CdlUhrix albicollts 9 

/ \ 

(blood transfer) mosquito Batch 293 

^ \ 

M, rhesus R18 ilf. rhesus R6 

(died from inter- \ (fatal j'ellow fever) 
current infection) 

Rl. The animal’s initial temperature was 101.7°. On November 1 the tempera- 
ture reached 104°, blood was transferred to M. rhesus R2, and mosquito Batch 275 
was allowed to engorge. Marmoset 4 was found dead on November 4. There 
was a little dried blood about the nose and moutli. Jaundice was doubtful. 
The lungs showed a patchy congestion witli, perhaps, a trace of bronchopneumonia. 
The liver had a slate-colored surface, but on section appeared 3 ’^ellow and unmis- 
takably fatt 3 '^; the organ was friable. The spleen was enlarged; its pulp was soft 
and its follicles were small. Kidney sections were opaque, with slight bile-staining 
and injection of the vessels. The gastro-intestinal tract was negative, hlicro- 
scopicaUy the liver showed degeneration, mainly midzonal, including a few 
necrotic cells. Fat was present in large amount, with the heaviest deposition in 
the midzones. A few leucocytes were noted. M. rhesus R2 died on the fiftli day 
with 3 ’^ellow fever. Mosquito Batch 275 fed on Jlf. rhesus R3 on November 21. 
This animal also died on the fifth da 3 ’^ with t 3 q)ical 3 ’'ellow fever. 

Experiment II. — On November 12, 1929, Marmoset 7 was fed upon by mosquito 
Batch 248, infected with Asibi strain virus. The initial temperature was 101.6°. 
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There was no subsequent fever and no significant rise in temperature (see table). 
However, on November 16, 1.5 cc. of blood was taken from the heart and injected 
into M. rhesnts R4, which died on the sixth daj^ with tj'pical yellow fever. 

Expcrimcnl III. — hlarmoset 8 was fed upon November 12 by mosquito Batch 
245, infected with the S.R. strain of virus. On the fourth day (November 16) 
blood was withdrawn for injection into M. rhesus R5. This monkey died on the 
fifth day with t 5 ’pical j'eUow fever. Marmoset 8 showed no significant rise in 
• temperature at any time. 

Experiment IV. — (Scheme I.) On November 22, 1929, jMarmoset 9 was fed 
upon by mosquito Batches 245 and 249, infected with the S.R. strain of virus. The 
initial temperature was 101.7“. On November 26 the temperature in the after- 
noon was 102,8°. The animal was bled, and mosquito Batch 293 was allowed to 
engorge. On the following morning more blood was taken, and the monkey died 
soon thereafter. At necropsy the centers of the liver lobules showed as red dots 
surrounded by zones of an orange-yellow color; the organ was friable. The 
gastric mucosa showed a few dark streaks which appeared to be changed blood. 
The other organs revealed nothing of note. ^Microscopically, the lobules of the 
liver were seen to have a certain amount of midzonal degeneration, with deposition 
of fat, and perhaps a few necrotic cells. There was congestion, and many leu- 
cocjdes were observed (mainly poh-morphonuclear, occurring in small nests). 
The kidneys showed congestion and a slight'cloudy swelling. On December 16 
mosquito Batch 293 fed on M. rhesus R6, which died on the fifth day with tipical 
yellow fever. 

Expcrimail V. — (Scheme H.) This experiment consisted in the infection of 
Marmoset 12 by mosquitoes carrying the S.R. strain of virus, passage of the rirus 
to Marmoset 13 by the injection of blood taken from Marmoset 12, and to 
Marmoset 15 by injection of emulsion of liver from Marmoset 13. Blood 
transfers to rhesus monkeys from Marmosets 12, 13, and 15 all produced definite 
infection, with fever and subsequent immunity to reinoculation, but no deaths. 
Mosquito transfer from Marmoset 12 to M. rhesus R7 was also non-fatal. How- 
ever, mosquito Batch 303, infected on Marmoset 13, induced by its bites a fatal 
infection in .If, rhesus RS. None of the marmosets had a definite fever (see table), 
and at necropsy none of them showed lesions suggestive of yellow fever. 

Experiment VI . — (Scheme HI.) In this experiment virus was passed to Marmo- 
set 17 by mosqmtocs, themselves infected on marmosets, and from Marmoset 
17 through Marmosets IS and 19 to Marmoset 20 by direct transfer of blood, 
taken in each case on the fourth day following inoculation. Blood from Marmoset 
17 and the bites of mosquitoes fed on this animal caused fatr.l infections in rhesus 
monl:cys. Blood rirus from Marmoset IS produced a fatal infection in If. rhesus 
R9. Blood from ^^a^noscts 19 and 20 caused non-fatal infections in 3f. rh'sus 10 
and 1 1 , a.nd the bites of mosquito Batch 326. fed on Marmoset 20, produced non- 
fatal infections in two .If. rhestu. .^pparcntly the xfirus became attenuated for 
the rhesus monkeys by repeated passage through the marmiOsets. Th.c bst .-.r.im.al 
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in the series, Marmoset 20, had a clinical course suggestive of yellow fever. The 
initial temperature on January 8, 1930, was about 102°. On January' 10 the 
temperature suddenly rose to 105.5°, at which time mosquitoes were fed and 
transfer of blood was made. On the afternoon of January 11 the temperature 
dropped to 94°, and the animal was killed. At necropsy there was a suggestion 
of icterus in tlie tarsal plates. The liver was a pale j'cllow; a small roundworm 
was found coiled up in one lobe. The other organs were essentially negative. 

Scheme II 

(S.R. strain of y'cllow fever virus) 

M. rhesus R17 

1 

mosquito Batches 283 and 284 

Cdlithrix albicollis 12 (blood transfer) — >^3/. rhesus R19 

(non-fatal infection) 

(blood transfer) mosquito Batch 297 

\ 

M, rhesus R7 
(non-fatal infection) 

C. albicollis 13 — (blood transfer) — M. rhesus R20 

(non-fatal infection) 


(transfer of liver emulsion) 

i 

C. albicollis IS 

I 

(blood transfer) 

i 

M. rhesus R21 
(non-fatal infection) 

Microscopical examination showed the liver to be nearl}' one half necrotic. The 
necrosis was primarily central, but extended into the midzones. There was a 
heavy leucoc 3 'tic invasion. The kidneys showed a very slight cloud}' swelling. 

Genus Leonfocebus. Tamarins. Leontocebiis ursiilns (Humboldt) 

The little black tamarin, or marmoset Leontocebus ursulus, comes 
from Para. Elliot (5) calls it CercopitJieciis msulus. We were able 


mosquito Batch 303 
\ 

M. rhesus R8 
(fatal yellow fever) 
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to secure five specimens for experimental work. These animals 
proved to be more susceptible to yellow fever virus than C. albicoUis. 
Four of the five developed fever; all five died, two of them showing 
marked liver necrosis (Fig. 1), and two others the most intense 
jaundice that we have ever seen in monkeys. 

Sdteitte III 

(Asibi strain of yellow fever virus) 


M. rhesus R22 
(fatal yellow fever) 

M. rhesus R23 
(fatal yellow fever) 

-» M. rhesus R9 
(fatal yellow fever) 


-» 3f. rhesus RlO 
(non-fatal infection) 

(blood transfer) 

X 

C. albiccUis 20 (blood transfer) — > if. rhesus Rll 

(died; yellow fever?) (non-fatal infection) 

mosquito Batch 326 

if. rhesus R25 if. rhcr.is R26 

(non-fatal infection) (non-fatal infectionl 

Espcrin'.cnl I II . — (Scheme IV.) On November 2, 1929, L. ursulus I v.-as 
inoculated subcutaneously with 1.5 cc. of liver emulsion, containing .'Vsibi strain 
virus, from if. rhesus R12. The initial temperature was 101.5.° On Novc.’nbcr4 
the temperature rose to 10-4.5°, at which time blood was transferred to if. rhesus 
R13 and mosquito IJ.atch 276 was allowed to engorge, if . rftesus R13 died on the 
sixth day with tx'pical yellow fever. Mosquito Batch 270 l.atcr induced a fatal 
attack of yellow fever in if. rJ:esus Rl4. X. ursufus 1 rvas found riead on No- 


Callithrix albicoUis 4 Leonlocehus 1 

I .1 

mosquito Batch 275 mosquito Batch 276 

\ ./ 

Callithrix albicoUis 17 (blood transfer) - 

1 \ 

(blood transfer) mosquito Batch 311 ■ 


-(blood transfer) 


C. albicoUis IS 


(blood transfer) 

i 

C. albicoUis 19- 


- (blood transfer) 
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vember 1 1 . Icterus was marked in the tarsal plates and in the intima of the aorta. 
A small abscess was found in the anterior abdominal wall at the point of injection 
of liver emulsion. The liver was rather friable, with sharp edges; the peritoneal 
surface was reddish brown, with purple discolorations in places. The cut surface 
was also reddish brown, with indistinct lobular markings. The spleen was 
swollen, with rounded edges, and was congested and purplish in color. The other 
organs did not appear abnormal in the gross. IMicroscopically, the liver showed a 
severe, but irregular, necrosis. In the midzones frequent islands and strands of 
cells were left intact. Necrosis sometimes e.\tended to the central veins. Near 
the capsule several areas were noted where necrosis was complete and digestion 
advanced. 


Scheme IV 

(Asibi^strain of }'ellow fever virus) 

M. rhesus R12 

I 

(transfer of liver emulsion) 

i 

Leontocebus 1 
(fatal infection) 

/ \ 

(blood transfer) mosquito Batch 276 

\ 

M. rhesus R13 M. rhesus R14 
(fatal yellow fever) (fatal yellow fever) 

Experiment VIII. — (Scheme V.) On January 29, 1930, mosquito Batch 324, 
infected with Asibi strain virus, fed upon L. Ursulas 2. The strain was passed 
in succession through L. Ursulas 2, 3, 4, and 5 and back to M. rhesus from the last 
marmoset by blood transfer and bj' mosquito bites, producing fatal infections. 
Transfers from L. ursulus 2 also induced fatal infections in rhesus monke)’^s; no 
transmission to M . rhesus was attempted from L. ursulus 3 and 4. The tempera- 
ture reactions are given in the table. Although intense icterus was noted at au- 
topsy in L. wsuhis 4 and 5, the most remarkable lesions were found in L. ursulus 2. 
This animal had fever on February 1 and again on Februar}' 5 and 6. It died 
on February 11. Marked icterus was noted in the tarsal plates, in the intima of 
the aorta, and even in the sldn. The liver was friable and of a curiously mottled 
3 'ellow, orange, and brown (in general, lighter than normal). The spleen appeared 
to be swollen. The kidneys were pale and bile-stained. The stomach contained 
food mixed with a considerable amount of changed blood. Microscopically, the 
liver showed over 80 per cent necrosis, essential!)" midzonal, witli rings of cells, 
relatively unaffected (except for fat), around the vessels. Occasional nests of 
intact cells were also found in the midzones. The necrotic cells showed very 
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eosinophilic cytoplasm and nuclei in various stages of degeneration and fragmen- 
■ tation. There was congestion of vessels, generalized pigmentation, and depo- 
sition of fat (especially in cells around the central veins). Roimd-ceU infiltration 
and hyperplasia of epithelium of the bile-ducts was noted in the portal spaces. 
The kidneys showed slight cloudy swelling and injection of the glomeruli. 

Scheme V 

(Asibi strain of yeUow fever virus) 
if. rhesus Rll 


mosquito Batch 324 

i 

Leonloceius tirsjtliis 2 (blood transfer) — > if. rhesus R27 

(died; yellow fever?) \ (fatal yellow fever) 


(blood transfer) 

I 

L. ursulus 3 


mosquito Batch 339 — > if. rhesus R28 
(fatal yellow fever) 


(blood transfer) 

i 

L. ursulus 4 
(died; yellow fever?) 

1 

(blood transfer) 

1 

L. ursulus 5 (blood transfer) — > if. rhesus R29 

(died; yellow fever?) (fatal yellow fever) 

mosquito Batch 343 

i 

Jf. rhesus R30 
(fatal jellow fever) 


DISCUSSION 

The c.\periments here presented show that yellow fever \irus can 
be introduced into the marmosets, CaJUthrix albkoUis and Lcoiilocchits 
ursulus, by mosquito bites, that it can be passed through at least four 
animals and can be taken out again by mosquitoes which subse- 
quently are able to transmit the infection to rhesus monkeys. There 
is some eNndcncc that in such a scries of passages through C. albicoUis 
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the virus becomes somewhat attenuated for M, rhesus. Apparently 
no change in the virus takes place in passage through/,, ursulus. 

From five C. alhicollis, numbers 3, 5, 7, 8, and 18, convalescent 
serum was used in protection tests against Asibi strain virus. Protec- 
tion was secured in every instance with these convalescent sera, but 
not with serum from a normal marmoset. Numbers 7, 8, and 18 
are mentioned in the protocols. Nmnbers 3 and 5 were inoculated 
with blood containing virus but neither showed a febrile reaction; no 
attempt was made to transfer the ^^rus from them to other monkeys. 

The lesions found at necropsy in C. alhicollis did not closely resemble 
those found in human beings or rhesus monkeys that had died of 
yellow fever. On the other hand, the liver lesions in two of the five 
L. ursulus were very extensive and comparable to the usual midzonal 
necrosis of susceptible species. 

The fact that the virus of yellow fever can be passed through marmo- 
sets with comparative ease may have some importance in the epidemi- 
ology of the disease in nature. These little monkeys are frequently 
kept as household pets, and even the wild ones are often found on 
uncleared land within urban limits. It is conceivable that they might 
pick up yellow fever from domestic sources, carry it to outlying 
districts, and aid in its wide dissemination. Such a course of events 
seems the more possible since we know that various ''wild” species of 
mosquitoes are fairly efiicient vectors of the virus. 

SUMMARY AND CONCLUSIONS 

1. It has been possible to introduce yellow fever virus into the small 
Brazilian monkeys, Callithrix alhicollis and Lcoutocebus iirsulus, by 
the bite^ of infected mosquitoes and to carry the virus through a 
series of four passages in each species and back to rhesus monkeys by 
the bites of Stegomyia mosquitoes fed on the last marmoset of each 
series. 

2. Five specimens of L. ursulus were used. Four developed fever, 
and all died during the experiments. At least two showed liver 
necroses comparable to those found in human beings and rhesus 
monkeys that died of yellow fever. 

3. Twenty specimens of C. alhicollis were used. Very few showed a 
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temperature reaction following the introduction of virus. Of those 
that died, none had lesions typical of yellow fever as seen in certain 
other species of monkeys and in humans. 

4. The convalescent serum from each of five C. albicollis protected 
a rhesus monkey against yellow fever virus, but the serum from a 
normal marmoset of the same species was found to be non-protective. 
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EXPLANATION OF PLATE 16 

Fig. 1. Section of the liver of a black marmoset which died of yellow fever. 
The tissue shows marked necrosis. (X 320.) 
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THE EXTRACTION OF THE CELL CONTENT OF MICRO- 
ORGANISMS BY PERCUSSION OF THE 
FROZEN CELLS 
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{From the Deparlmail of Biochemistry and the Department of Bacteriology and 
Immunology, Vanderbilt University School of Medicine, Nashville) 

(Received for publication, June 5, 1930) 

INTRODTJCTIOK 

For many purposes it is desirable to obtain extracts of microor- 
ganisms vrithout delay and free from the changes which undoubtedly 
accompany the procedures now used. The present methods involve 
chemical agents, autolysis, prolonged alternate freezing and thawing, 
or dessication and grinding. These processes often bring about 
changes which ma}’- effect the nature of the extract. The method of 
the Buchner press, which has been used for obtaining yeast extracts, 
while avoiding some of the objectionable features of other procedures 
is apparently not applicable for general use with pathogenic bacteria. 
It occurred to us that if microorganisms were frozen verj' quickly so 
that the ice crj’-stals were ver}' fine, and if this mass of cells containing 
the fine crj'stals were then subjected to sudden high pressure, such as 
may be obtained by blows applied to a piston in a closed cj'linder, the 
friction of the ice crj’stals might either disrupt the cells or so change 
the character of the membrane that the intra-cellular material would 
be forced out. The apparatus described here was designed to test 
this idea, and as vill be seen, its use has given encouraging results. 

Apparatus and Malcrials 

The apparatus employed consisted of a cylindrical steel chamber and a closely 
fitting steel plunger so cut as to move freely without compression. The chamber 
was made by cutting a hole, 1.6 cm. in diameter and 8.5 cm. deep in apiece of steel 
shafting 10 cm, in di.amctcr and 12.5 cm. long, with a machine cutting tool. The 
chamber was flat at the bottom, .-tbout 1 cm. from the top of this chamber a dr- 
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cular groove was cut to form an overflow chamber having a capacity of about 6 
cm. The plunger was made of high grade steel tempered at the lower end. 

The cells which were used for extraction were pure cultures of bakers’ yeast, 24- 
hour broth cultures of B. coli, B. xerosis, Streptococcus hemolyticus, Pneumococcus 
Type II, a S-hour dextrose broth culture of Pneumococcus Type I, 4-day cultures 
of B. dyphtheriae and a S-day glycerine bouillon culture of the bovine tubercle bacil- 
lus. The cells were repeatedly washed with distilled water imtil the supernatant 
obtained by centrifuging no longer gave the biuret reaction for proteins and were 
then suspended in distilled water. 



Fig. 1. Extraction apparatus consisting of a steel chamber. A, having a reser- 
voir, B, and fitted with a tempered steel plunger, C. 

EXPERIMENTAL 

Before each experiment the apparatus was cleaned by scouring and washing and 
sterilized in a hot air oven. It was then cooled, first by packing with a salt and ice 
mixture and then by placing into an insulated container and packing with solid 
CO 2 (dry ice). The chamber was then charged with 2 cc. of the suspension of cells 
and the plunger replaced and fastened with a rubber collar so as to remain sus- 
pended about 1 cm. above the charge. The top of the apparatus was then covered 
with sterile cotton. After 20 minutes additional cooling in dry ice, the apparatus, 
along with its insulated container, was placed on a heavy metal base and the plimger 
struck twenty-five heavy blows with an 8-pound hammer. This subjected the 
cells to the crushing action of the ice crystals. Intervals of 10-seconds or longer 
between blows were allowed to prevent the charge from being forced into the over- 
flow chamber by the melting effect of pressure and heat before the desired number 
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of blows had been struck. The charge was thawed, by placing the apparatus in a 
water bath, and was then removed with a pipette. After centrifuging, the super- 
natant liquor was passed through a Berkefeld filter. 

All of the supernatants and filtrates obtained by subjecting the 
various microorganisms to this treatment were slightly opalescent, 
frothed readily and gave a heavy precipitate when a few drops of 10 
per cent acetic acid were added. They always gave the biuret reaction 
for proteins but generally only a weak Molisch test for carbohydrates. 
All of them became more opalescent when boiled and in some cases a 
slight precipitate was obtained. For control in each case a portion 
of the same suspensions of the microorganisms used in the experiments 
was frozen with dry ice, thawed, and the supernatants, obt^ed by 
centrifuging, tested with the biuret and acetic add predpitation tests. 
In every instance these tests on the controls gave negative results. 

Morphologic evidence of cell destruction was obtained in case of 
yeast cells and pneumococd. Practically all of the yeast cells were 
found to be without vacuoles after percussion. There was also some 
evidence of cell fragmentation. Pneumococcus cells which before 
treatment were Gram positive, after treatment showed many Gram 
negative cells with debris. After a second treatment of these same 
cells only occasional whole cells were risible. The preparation showed 
a large amoimt of Gram negative ceU detritus. 

Gram stain preparations of B. xerosis, B. dypMJieriac and hemolytic 
streptococcus gave unconrindng evidence of any change in staining 
reaction or morphologj'. The add fast character of the badllus of 
bovine tuberculosis was not found to be changed. 

DISCUSSION 

The microorganisms used in this investigation were chosen with 
respect to their varied resistance to other methods of extraction. The 
uniformlj' positive results which were obtained indicate that this 
method should have a uide range of application in obtaining similar 
extracts from other spedes of resistant organisms. The treatment of 
frozen cells by percussion should fadlitate further extraction of cell 
residues by chemical means. 

The chief advantages of this method, however, lie in the possibility 
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of obtaining for immunological and biochemical studies fresh extracts 
of living cells, wliich have been kept at low temperature, thus minimiz- 
ing the changes brought about by autolysis, and which are free from 
chemical contamination. 


SUMMARY 

A method is described for rapidly obtaining fresh extracts of micro- 
organisms by percussion of the frozen cells. 

Filtrates giving the biuret reaction and yielding heavy precipitates 
upon the addition of acetic acid were obtained from the washed cells 
of cultures of yeast, hemolytic streptococcus, pneumococcus, B. coli, 
B. xerosis, B. dyphtheriae and the bacillus of bovine tuberculosis. 
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Further progress in our understanding of lobarpneumoniain mannot 
improbably depends to a great extent upon the determination of those 
conditions necessary for the inception of the disease, concerning which 
information is at present scarcely more than speculative. WTule the 
implantation of pathogenic pneumococci* by inhalation is presumably 
essential for the production of the pneumonic lesion, it does not seem 
likely that this is usually the deciding factor, for the reason chiefly that 
contact infection occurs so infrequently. Protection from infection 
may be due in part to the barrier interposed by the devious channels of 
the upper respirator)* tract to the passage of the pneumococcus-contain- 
ing droplets, but when the concentration and fineness of the droplets is 
sufficient, some of them reach the lung, as can be shown experimentally. 
Disturbed function of the respirator}’’ tract accompanjdng mild infec- 
tion of the upper or lower respirator}* passages or following operations, 
especially on the upper abdomen, precedes the onset in a considerable 
percentage of pneumonia cases. In others with an antecedent chilling 
a general alteration in susceptibility may possibly take place as well. 
However, for those numerous instances in which pneumonia occurs 
suddenly during a period of apparent normal health another explanation 
must be sought. 

Blake and Cecil’s work on the c-xperimental production of the disease 
in monkeys (1) suggests that in order to initiate lobar pneumonia it is 

* Since pneumococci even of Iotc ■virulence are capable of causing pncumo.nin 
under certain conditions prowded they arc "S” producing, it Eec.*ns proper to tc.Ta 
.nil such pneumococci as pathogenic. 
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only necessary to implant in tlie lungs a sufficient number of pneumo- 
cocci of adequate virulence for the animal. In their experiments 
the number of organisms employed was very small. But other authors 
(2), working mth dogs wliich possess much liigher natural antipneu- 
mococcus immunity than the species of monkeys used above, have found 
that the simple intrapulmonary implantation of pneumococci either 
failed to cause pneumonia or produced the disease only if used in 
quantities enormously greater than could possibly occur in the natural 
acquisition of the disease in man. Is the difference in the ease with 
which lobar pneumonia can be induced in these two animal species due 
simply to their relative susceptibility to pneumococcus infection? 

A previous study on the resistance ofnormal human beings to recently 
isolated strains of pathogenic pneumococci (3) has indicated that as a 
group they possess considerable natural immunity to these organisms as 
shown by the pneumococcus-destroying power of their blood which in 
degree is not much below that of the dog. But individuals were 
found to vary greatly in their reaction toward the several types of 
pneumococci. This ranged from marked killing power of the blood 
for one type to none against others. The fluctuations in antipneu- 
mococcus action were found to reside in the serum, not in differences 
in the leucocytes. These findings indicated the feasibihty of securing 
further information about one of the factors which is possibly con- 
cerned in the inception of lobar pneumonia, namely the amount of 
circulating specific antipneumococcus substances at the onset of the 
disease. 


Methods 

The pneumococcidal tests with human serum and leucocj'^tes were carried out 
as previously described (4, 5). Serum samples were secured from the patient on 
admission and daily thereafter throughout the course of the disease. These were 
kept in an atmosphere of CO 2 at 4°C. and all were tested at one time.* Frequently 
in early cases the senun was tested as soon as the homologous pneumococcus was 
isolated. In every instance the experiments were performed with the organism 
isolated from the patient’s lung, blood or sputum, and a control consisting of the 
pooled serum of four to seven normal individuals was run at the same time. The 
smallest amount of pneumococcus suspension used was 10“’' in all but cases V. C. 


* Senun preserved in this way showed no deterioration in its pneumococcidal- 
promoting properties for a period of 6 to 7 days. 
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and H. F. P. in which 10-* was employed. Quantities less than 10 ' not infre- 
quently led to irregularities in the test. In a number of cases the opsonic and 
mouse protective properties of the serum were determined also. In almost all 
instances the tests were repeated in order to verify the results. Blood cultures 
were taken in the usual manner, 6 to 10 cc. into broth and 1 cc. and 2 cc. into 
plates. 

Clinical Cases 

The present study comprises twelve cases of lobar pneumonia in whom 
observations were begun from 4 to 48 hours after the onset of the 
disease. The antipneumococcus properties exhibited by the serum 
within this period may be considered with a fair degree of certainty as 
referable to the dass of natural immune substances, since acquired 
immune bodies have not been observed by us to develop before the 
third day of the disease.* The results of the tests as summarized in 
Table I revealed the une.xpected finding that in the majority of cases 
the initial serum specimens possessed pneumococddal-promoting 
properties, sometimes slight and again as great as in normal indi- 
viduals.** In only four cases was this property absent. The possibility 
that an organism other than that causing the disease was responsible for 
the serum differences, and in particular the exhibition of well marked 
antipneumococcus properties, is e.xduded by the fact that pneumococd 
isolated from the lung and blood stream in certain cases were affected 
to as pronounced a degree as were the organisms obtained from the 
sputum in others. Nor did the virulence of the pneumococcus strains 
appear to bear any relationship to the action on them of the patient’s 
serum. Organisms against which one patient’s serum-leucocyte mix- 
tures showed marked killing action were fully as \irulent when tested 
by animal inoculation and growth capadt}' in normal pooled human 
serum and leucocj'tes, as were those on which another patient’s serum 
had no effect. That is, the variations appeared to reside in the 
indiddual rather than in the several pneumococcus strains. Again, 
the initial pneumococddal-promoting properties of the scrum could 
not be associated with the e.xtent of the lung lesion, as determined by 

* .\s will be shown in a succeeding communication, acquired humoral immunity 
docs not usually occur before the fourth or fifth d.ay of the disease. 

** Ry normal degree is meant the pncumococddal-p.’omoti.''.g action of pooled 
normal human serum for the particular pneumococcus in question. 
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Text-Fig. 1 . Case A. L., lobar pneximonia — Pneumococcus TjT^e I. 
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X-ray and physical signs. Both cases A. L. and J. T. A., in whom a 
very small lesion existed at the time of the first observations, showed no 
pneumococcus immune properties in the blood serum. On the other 
hand, patients KL H., V. C. and H. F. P- showed l^ions of considerable 
extent and a normal or at most a slight reduction in degree of pnemno- 
coccus-ldlling power in their blood. The number of cases is far too 
limited to permit of any conclusions in relation to pneumococcus type. 

With the progress of the disease, changes in the pneumococddal- 
promoting action of the serum usually followed one of several fairly 
regular courses. When antipneumococcus properties were not demon- 
strable at the begimiing, none appeared xmtil the onset of acquired 
immune-body production. Case A. L., Text-fig. 1, is an example. 
There were a number of other patients concerning whom data are not 
given in these tables (since observations were not begun until after 48 
hours) whose blood serum exhibited the same findings.* In contrast 
were patients such as case K. H. (Text-fig. 2), who showed a well 
marked degree of pneumococcidal-promoting serum power all through 
the disease. A third course is shown by case V. C., Text-fig. 3. Follow- 
ing an initial normal titer of antipneumococcusproperties there occurred 
a progressive and sometimes very rapid disappearance of the serum 
effect which did not reappear unless recovery took place. Of course all 
the patients studied did not fit exactly into these three catagories, case 
H. C., for example, being an exception but they could practically all 
be classified as modification of one of them. 

A constant relationship was found to existbetweentheconcentration 
of immune properties in the serum and blood invasion. In the pres- 
ence of a killing power of the serum and leucocj’tes represented by the 
destruction of as small an amoimt as 10“* of the standard pneumo- 
coccus suspension, pneumococci were not found in the blood stream. 
When pneumococddal action fell below this point blood invasion 
tended to occur. That it did not alwa3’'s occur even when antipneumo- 
coccus properties were not demonstrable in the serum maj' be taken as 
an indication that a modicum of this action still persisted. Indeed 
when the tests were carried out with numbers of pneumococci as few as 
10~* of the suspension (containing actuallj* less than 10 pneumocoed) 

* The details of the studies on these patients will be gi^'cn in a following com- 
munic,ation. 
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Text-Fig. 2. Case K. H., lobar pneumonia — Pneumococcus Type III. 
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trolling the penetration of pneumococci into the blood channels, such 
as the degree and perhaps nature of the cellular reaction in and sur- 
rounding the pneumonic lesion, but the pneumococcidal action of the 
blood would seem to be the one of chief importance. 

Because of the observations of other workers who have studied the 
immune properties of the serum during lobar pneumonia by means of 
mouse protection, a word should be said concerning the relative 
sensitiveness of the pneumococcidal reaction as carried out in the 
present investigation and the mouse test. A comparison of these two 
techniques on the same serum specimens has shown the pneumo- 
coccidal test to be the more sensitive. A serum which causes killing 
of pneumococcus in the serum-leucocyte mixture in quantities as 
large as 10“® and 10~® of the standard suspension will often fail to 
cause protection of mice against amounts greater than 10~’' of the same 
suspension or exert no protection at all. Hence it is not surprising 
that most workers have failed to find mouse protective properties 
in the serum during any but the later stages of the disease or have found 
them only to a degree that seemed negligible on account of the in- 
dividual variations exhibited by mice. 

DISCUSSION 

The findings at once suggest the question, does the presence of 
pneumococcidal properties in the blood after the onset of the dise^e 
indicate that they were there just prior to or at the inception of the 
pneumonic process. While no direct answer can be given, observations 
on the experimental disease in animals and on human beings with 
pneumonia afford data for certain assumptions in the affirmative. 
Marked and rapid fluctuation in the degree of natural pneumococcidal 
activity of the blood has not been noted in either man or animals 
during health or in disease. In the experimental animal, as one of us 
has shown (6), a generalized pneumococcus infection is accompanied by 
a pronoimced and progressive diminution in circulating antipneumo- 
coccus immunity which does not reappear until the development of 
acquired immune substances occurs coincidentally with recovery. 
However, when the pneumonia process is localized as in experimental 
lobar pneumonia, the natural humoral immune bodies tend to persist 
with little diminution throughout the course of the disease. Blood 
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samples taken immediately before infection is initiated sbow a normal 
pneumococddal action. Tests on pneumonic patients indicate that 
once a marked decrease or disappearance of tbe antipneumococcus 
properties of the blood has occurred they do not show an increase again 
until shortly before or at the time of recovery. 

Other workers have also observed evidence of natural antipneumo- 
coccal immunity early in the course of lobar pneumonia. Park and 
Cooper (7) found in more than a third of pneumonia patients they 
studied appreciable mouse protective action of the serum on the second 
day of the disease. In a paper just published Ward (8) states briefly 
that he found the defibrinated blood of pneumonic patients early in the 
disease to possess a normal pneumococddal action against the causative 
organism. Details of the cases and tests are not given. 

If pneumonia can develop in the presence of a normal drculating 
antipneumococcus defense mechanism, as seems eddent from the 
above observations, what is the actual mechanism of infection? The 
most reasonable explanation would seem to be that local changes take 
place of such nature as to provide conditions for the growth of the 
pneumococd while protecting them from the pneumococddal action of 
the blood. There might conceivably be failure of the normal elimina- 
tory mechanism, tissue injury by concurrent infection, allergic reac- 
tions, or a combination of these factors. Once pneumococcus growth 
is established, and perhaps this may be entirely rdthin the lumen of 
the bronchus — the constant diffusion of bacterial metabolic products 
in a drcumscribed area would produce increasing tissue injury’, one of 
the results of which has been shown to be deposition of fibrin in the 
capillaries and lymphatics. This would tend further to protect the 
pneumococd from the full action of the drcrilatoiy immune bodies. 
How early and to what extent the impairment of the drculation occurs 
in lobar pneumonia in man is not definitely known. The e.xpcri- 
mental observation of Kline and Wintemitz (9), however, would sug- 
gest that it takes place early in the disease course and becomes pro- 
nounced as die lesion progresses. 

The hjpodicsis has recently been put forward by Cor^'llos and 
Bimbaum (10) that lobar pneumoma is initialed as a result of ex- 
tensive atelectasis produced by oedusion of a large bronchus. In 
order that the condition may occur the mucous plug must cxdude 
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completely the passage of air and persist for some time. Pneumococci 
distal to the plug are thus protected from elimination. It is not our 
desire to enter upon a detailed discussion of this view,* but it should 
be pointed out that certain of the assumptions upon which the hy- 
pothesis rests are not generally supported by clinical evidence. Ac- 
cording to Coryllos and Birnbaum, the early signs of the pneumonic 
lesion are found at the periphery where atelectasis occurs first, the 
exudative process extending progressively from the liilum to the pe- 
riphery. As a matter of fact. X-ray studies in the early part of the 
disease show, in a large percentage of cases of lobar pneumonia, a 
shadow confined to the lulum which gradually spreads out to the 
periphery as the disease evolves. Furthermore, in none of our early 
cases have we found evidence of atelectasis on the affected side either 
by physical signs or X-ray. However, aside from the question of 
atelectasis and complete plugging of a bronchus, a local failure of the 
normal eliminatory mechanism (implied in the hjqiothesis of Coryllos 
and Birnbaum) which leads to stasis of bronchial secretion might pro- 
vide, as suggested above, the environmental state necessary for effective 
action of the implanted pneumococci. 

The r61e played by the natural circulatory immune bodies in the 
process of localization would seem to be to destroy pneumococci at 
the periphery of the lesion, thus retarding the spread of the process 
and limiting or preventing blood invasion. With an initial marked 
reduction or absence of these humoral immune factors in the presence 
of an infecting organism of high virulence a rapid spread of the 
pneumonic process and a generalized infection might be expected to 
occur. Whether patients such as case J. V., who died within 48 hours 
of an- overwhelming infection were deficient in natural antipneumo- 
coccus substances at the inception of infection, can only be surmised 
until further data are available, but the sequence of events would 
suggest that such was the case. 

SUMMARY AND CONCLUSIONS 

A study of the pneumococcidal-promoting action of the serum of 
lobar pneumonia patients, secured from 4 to 48 hours after the onset of 

* The subject will be considered fully in a subsequent communication on the 
production of e.xperimental lobar pnemnonia. 



ROBERTSON, TERRELL, GRAESER, AND CORKW^ELL 


433 


the disease, has revealed the fact that in the majority of instances the 
serum possessed the power to promote killing of the homologous 
pneumococcus, isolated in different instances from the lung, blood, and 
sputum. While in some instances this action was slight, in others it 
was present to as great a degree as in normal individuals and persisted 
as long as 48 hours or more after the beginning of the disease. The 
variations observed from case to case were not related to the extentof 
the pneumonic lesion or to the virulence of the several pneumococcus 
strains but appeared to depend on differences in individual hmnan 
beings in respect to the natural antipneumococcus properties of their 
blood and their reaction to the invading microorganism. 'A constant 
relationship was found to exist between the concentration of immune 
properties in the serum and blood invasion. In the presence of a well 
marked pneumococcidal-promoting powerpnemnococciwerenotfound 
in the blood stream, and only when this property was greatly diminished 
or lost did blood invasion occur. 

The findings which are supported by certain previous experimental 
observations, indicate that lobar pneumonia can occur in the presence 
of a normal circulating antipneumococcus defense mechanism. From 
this it is inferred that before pneumococcus growth can be initiated 
there must be present in the lung local changes of such nature as to 
provide conditions for the multiplication of pneumococci protected 
from the pneumococddal action of the blood. Suppositions as to the 
nature of these changes and the establishment of the pneumonic lesion 
are discussed. 
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The experiments to be described are an extension to soft X-rays 
of those* previously made -with cathode rays. They consist 
essentially of studies of the time rate of killing of single bacteria 
by the general radiation from a tungsten tube operated at low voltage 
and by the characteristic K-radiation of copper. 

EXPEEIMENTAL 

The organisms B. coli and B. aertryke were chosen for these observations because 
they readily give the distribution of single cells that is needed if statistical counts 
are to have meaning. The bacteriological procedures were identical with those 
already described. As before, standard cultures were provided by Dr. L. T. 
Webster of this Institute. Spreads of single bacteria upon the surface of agar (ca 
200 organisms per in.^) were irradiated before multiplication could take place. 
After incubation, coimts were made of the number of colonies growing out upon a 
stamped irradiated area and upon an equal and adjacent control area marked at 
the time of irradiation. From these data survival ratios have been calculated 
which, together with measurements of the X-ray intensitj- striking the agar plate, 
can be made to give information concerning details of the killing action of the rays. 
In order that the survival ratios obtained in this way should refer to enough 
organisms to be statistically significant, results from many plates have been 
averaged. 

In the first group of e.yperiments the X-rays used were the unfiltered 
general radiation from a Siemens Bucky tube having a tungsten target 
and a Lindcmann glass window. The voltage across this tube was 
ca 12 KV peak and was provided bj' the unrectified output of a suitable 
transformer. A steady current of 8 hlA was obtained by heating the 

* Wyckofi, R. W. G., and Rivers, T. M., /. Esp. Med., 1930, 51, 921. 
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cathode filament with an insulated storage battery. The bacteria 
were distant approximately 8 cm. from the tungsten target. Because 
of the long exposures required to give a sufficient lolling action, only 
about 25 plates were irradiated in a day. Since the ratios of Table I 
and Text-fig. 1 are eacli averages of the counts upon 20 to 60 plates, 
several days were devoted to each experiment. These results ob- 
viously fall upon straight lines when plotted on semilogarithmic paper. 


TABLE 1 

Survival Ratios with Bricky Tube 


Time 

Survival ratios 

B, colt 

B. aertryke 

2 min. 

0.750 

0.768 

3 “ 

— 

.661 

4 “ 

.526 

.578 

5 " 

.416 

.490 

6 “ 

— 

.466 

8 “ 

.201 

.329 

10 « 

.146 

.274 

12 « 

.087 

— 

14 “ 

.064 1 

.175 


The survival ratios must therefore be expressed by an equation of the 
type 

— — e~°‘ 


Estimates of the intensity of the X-ray beam were made by measur- 
ing with a suitable chamber the ionization of air at tlie position of the 
irradiated bacteria. Subsequent experience has indicated that satura- 
tion currents were not obtained in these first experiments. No new 
determinations have been carried out because the general radiation 
of long wave length which constitutes the major output of a Bucky 
tube is poorly adapted to calculations of the mechanism by whicli 
cells are kiUed. It should be noted that the experiments of this group 
with B. coli and with B. aertryke were made under sufficiently different 
conditions so that no significance attaches to the relative killing rates 
found. 







RALPH W. G. TVYCKOra 


437 


No commercially available electron-type X-ray tube supplies a 
monochromatic beam intense enough for experiments on the killing 
rates of bacteria. The self-rectifying gas tube developed in this 
laboratory and described^ elsewhere is, however, suitable for this pur- 
pose and, equipped with a copper target, has been emploj’-ed in a 
second series of experiments with B. coli and B. aeriryke. 



Text-Fig. 1. A plot of the survival ratios resulting from the use of soft general 
radiation from a tungsten target X-ray tube (Table I). 

In some instances the radiation from this tube has been filtered only by the 
0.001 inch aluminum forming its window; in others a thickness of 0.0009 inch 
metallic nickel foil was interposed between the bacteria and the target. This filter 
cuts down the general radiation and eliminates 99 per cent of the K-^ line at the 
same time passing half of the K-<* doublet. The tube was operated at about 4 
MA and 34 KV peak (unrectified wave). During a single scries of erperiments 
the variations in the current through the tube were less than 0.1 MA and its out- 
put of X-rays was found to be steady to within 1 per cent. 


■ Wyciiofi, R. \V. G., and Lagsdin, J. 'B.,.Rcdic}cgy, Jul\% 1930, 15, 42. 
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Each series required the exposure of about 100 plates, the results of 
which were averaged to give the survival ratios of Tables II and III. 
As Text-figs. 2 and 3 indicate, these ratios fall upon straight lines 
when plotted on semilogarithmic paper. Such a result agrees with the 

TABLE n 


Survival Ratios with Uuftltcred Copper Radiation 


Time 

Survival ratios 

B.colUl) 

B. colt (2) 

B. coll (3) 

B. aeriryie 

5 sec. 


0.749 




10 » 


.617 

0.645 

0.793 

20 » 


.329 

.548 

.583 

30 « 


.206 

.422 

.387 

40 “ 

.167 

.154 

.344 

.349 

SO » 

.112 

— 

.265 

.270 

60 “ 

.100 

.089 

.193 

.234 

Ionization cur- 





rent/sec./ 





cm.® 

— 

— 

144.2 e.s.u. 



TABLE in 

Survival Ratios with Filtered Copper Radiation 


Time 

Survival ratios 

B. coli (1) 

B. coli (2) 

B. aertryhe 

20 sec. 

0.667 

0.711 

0.804 

40 " 

.367 

.574 

.523 

60 » 

.345 

.362 

.391 

90 » 

.182 

.291 

.211 

120 " 

.109 

.212 

.189 

Ionization current/ 




sec,/cm.® 

i 

67 .2 e.s.u. 

67.2 e.s.u. 


experiments of Holweck^ and Lacassagne^ on B. pyocyaneus with silver 
L- radiation. 

The experimental arrangement is shown in Fig. 1. During use the stamping 
device for the standard area A and tlie irradiated area B replaced tlie diaphragm 

® Hohveck, F., Compt. rend., 1929, 188, 197; Lacassagne, A., Compi. rend., 1929, 
188, 200. 
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C under the X-ray tube D. When set up, the tube D was carefully centered with 
the aid of a fluorescent screen to insure that the X-ray beam covering B should 
be uniform. A Petri dish carrying the desired number of bacteria spread upon its 
agar surface was placed on the stand E and raised by the remote control rod F 
rmtil the knife edges of A and B cut throu^ the agar. On opening the metal 
shutter G, the surface marked by B could then be given an exposure of desired 
length. After lowering E, it and the dish were removed with the help of F. This 
'remote control was needed because the X-ray tube itself operated continuously 



Text-Fig. 2. A plot of the data obtained by irradiating B. coli and B. aertryhe 
with filtered copper rays. The small open, large black, large open and small 
black drcles refer to experiments (1), (2), (3) and (4) of Table 11. 


throughout the entire experiment, WTien in use, the tube v,-as covered by a lead 
housing such as that shown at H and during exposures the door K was kept closed. 
These precautions are essential to the safetj’ of the experimenter. 

The intensity of the X-ra5’3 striking the bacteria spread on the agar 
surface was obtained from measurements of the amount of ionization 
in air produced by these rays. Because of their absorbability, it was 
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considered inaccurate to employ for tins purpose a small enclosed type 
ionization chamber. Accordingly, an open air chamber of standard 
design but of small size was made. Its over-all length was 7.0 cm. 
The actual length of the amber-insulated collecting electrode was 1.31 
cm., its effective length 1.39 cm. The grounded electrodes on either 
side were each 2.54 cm. long. AH three electrodes were 3.S cm. vude. 
The charged sliield surrounding and facing these plates was 3.2 cm. 



Text-Fig. 3. A plot of data obtained by irradiating B. colt and B. acrtryhe with 
the same dose of unfiltered copper rays. The small black and large open circles 
refer to e.xperiments (2) and (3) of Table III. 

distant. On account of the extremely great ionizing power of the X- 
rays used, saturation in a chamber of this type can be obtained only if 
beams of small cross-section are measured. The currents produced in 
this chamber were measured by the usual balance methods^ employing 

^ See for instance, Makower, W., and Geiger, H., Practical Measurements in 
Radio-activity, London, 1912, 15. 
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a variable voltage and a standard condenser of kno-wn capacity. 
This capacity -was obtained by comparison against a small standard 
condenser and checked by calculation from its accurately determined 
dimensions. 

The intensity of the X-rays striking a small area of the agar surface was found 
by replacing the stamping device AB of Fig. 1 with a small lead stop, C, having 
an opening 0.117 cm. in- diameter. The air chamber was brought as near to the 
stop as possible (ca 3 mm.) and the ionization produced by the X-ray beam passing 
through it was ascertained. Knowing the length of the measured column of 
ionized air and its absorption coefficient under the conditions of temperature and 
pressure of the experiment and for copper raj-s, it is obviously possible to calculate 
the approximate ionizing power of the beam at the irradiated surface. A tj-pical 
calculation will make clear the procedure followed and the approximations intro- 
duced. 

Area of stop in position of bacterimn = 0.0107 cm.- 
Height of air column the ionization of which is measured = 1.39 cm. 
Corrected density of air = 0.001165 
Temperature = 26°C., Barometer = 747 mm. Hg. 

Absorption coefficient ti/p of air for copper radiation = 8.43 
Balancing voltage on potentiometer = 18.8 V in 20 sec. 

1 e.s.u. potential = 0.33 X 10"- volts 

Measured capacity of standard condenser = 321,4 cm. 

Therefore the observed ionization current is 


18.8 X 0.33 X 10-» X 321.4 
20 sec. 


= 0.997 e.s.u. 


Since I/Io = c~'^ where I is the length in centimeters of the absorbing column 
and;« = 8.43 X 0.001163, a column of air 1 cm. long will absorb 0.721 as much as 
a similar column of length 1.39 cm. Hence the ionization produced per second in 
1 cm. depth of air by the rays striking 1 cm.- of irradiated bacterial surface is 
taken as 

. i' X 0.721 

— — = 07.2 C.S.U. per cm.’ per sec. 


0.0107 


The intensities of the X-rays used in each of the three final standard- 
ized experiments when expressed in the foregoing units are recorded 
in Tables II and III. 


Analysis 

Existing knowledge of the properties of X-rays and of the mecha- 
nism of their absorption in inorganic matter makes it seem inevitable 
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that their absorption in bacteria is a quantized process. Thus the X- 
rays incident upon a cell will either pass through without altering it 
or else they will give up one or more quanta whose energy content 
is connected with the wave length X of the rays through the familiar 
relation 


-r. , , 

c 

where h is Planck’s constant, v is the frequency of the rays and c is the 
velocity of light. It is known that a high velocity electron is liberated 
as a result of such an absorption. This electron gives rise to a chain 
of ions in the matter through whicli it passes and to X-rays which, in 
their turn, liberate more ions of less and less energy. The volume 
within which this cluster of ions resulting from a single quantum 
absorption is freed increases rapidly with the magnitude of the original 
quantum but, in matter having the density of a bacterium, it is at 
greatest only a very small fraction of a cubic millimeter. The changes 
X-rays produce in protoplasm are naturally identified with the phys- 
ico-chemical changes induced by this ionic shower. 

The physical consequences of the absorption of an X-ray quantum 
so closely resemble those attending the direct absorption of a high 
velocity electron that it seems permissible to treat the killing action 
of X-rays by the same statistical analysis which has previously been 
used in studies of the killing of bacteria by cathode rays. 

On this basis, the straight line obtained by plotting survival ratios 
upon semilogarithmic paper means that, on the average, the death of a 
bacterium is the result of the absorption of a single X-ray quantum. 
As the earlier analysis® has shown, survival ratios under these condi- 
tions can be calculated from the expression 



where i is the time and a is the expected, or average, number of quan- 
tum absorptions in unit time. 

A more intimate picture of the killing process is to be had from a 
study of this expected number of hits. Under conditions of satura- 

® Wyckoff, R. W. G., and Rivers, T. M., op. cii. 
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tion, the air ionization chamber measures the total number of ions 
produced by the quanta absorbed in a known volume of air. If the 
number of pairs of ions liberated by a single quantum can be judged, 
then the number of quanta absorbed in this volume of air is known. 
Furthermore, if the ratio of the absorption coefficients of air and of a 
bacterium can be estimated, the average number of quanta absorbed 
by a single bacterium in unit time is readily computed from the size 
and shape of the organism. This has been done for experiments with 
filtered and unfiltered copper rays. 

The following typical calculations based upon the standardized experiment of 
Table III using B- aerlryie wiU show how the average ntunber of hits has been 
obtained and will make clear the approximations that have been introduced in 
the process. 

67.2 e.s.u. «= 67.2 X 0.21 X 10” ion pairs/sec. = 1.411 X 10“ ion pairs/Eec./cm.* 

A small amount of radiation is absorbed in the air between the diaphragm C and 
the collecting electrode of the air chamber. This absorption is readily calculated 
from the dimensions of the apparatus and the absorption coefficient (p/p — 8.43) 
of copper radiation. With the resulting correction it is found that 1.46 X 10*^ 
ion pairs will be produced per second per cm.* at the position of the irradiated 
bacteria. In the absence of direct experimental knowledge of the absorption 
coefficient of protoplasm, the mass coefficients of air and of ffidng cells are custom- 
arily assumed equal. If this assumption, which cannot depart far from the truth, 
is made, the amoxmt of absorption in 1 cm. thickness of air is about 27.9 times that 
of one bacterium. Eoth the B, coJi and the B. acrlryke have been taken as rods 
0.5>« in diameter and 2ft long. Computation shows that to a first approximation 
one bacillus may be considered equivalent in absorption to a rectangular block of 
protoplasm 1 X 10~* cm. in area, 0.42p thick and of imit density. From these 
quantities the average number of ion pairs absorbed per bacterium per second 
becomes 


1.46 X 10“ X 1 X 1&-* _ 

2 ^ ~ 52 A ion paii3/scc./bacterium. 

In order to obtain the number of X-ray quanta absorbed per second itis necessary’ 
to know how many ions are liberated when one quantmn is absorbed in air. The 
best available measurements® indicate that for X-raj's of the quality used in these 
experiments about 35 volts arc required to produce each electron pair. The volt- 
age equivalent of the K-« lines of copper as computed from the familiar quantum 
relation 


‘ KulcnkampfT, H., Ar.r.. d. FkysH, 1926. 79, 97. 
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Voltage (in KV) = 12.34/X{in A) = 12.34/1.537 

is 8.029 KV. From this the number of ion pairs arising through the absorption 
of one quantum of Cu K-a radiation is 

8029/35 = 229, 

The average number, a, of quantum absorptions per second then is 

52.3/229 = 0.228. 

The observed survival ratios in Table III lead to a straight line having the 
equation Ai/Ao = (Text-fig. 2). It will be noted that this e.xperimental 

ex' = 0.0146 is much smaller than the a calculated from ionization measurements. 

DISCUSSION 

Accepting the foregoing type of analysis as an essentially correct, 
if rough, description of what happens when X-rays strike bacteria, the 
smallness of the ratio a' /a when taken in connection with the linearly 
exponential character of the experimental results shows that though 
on the average the absorption of one quantum of these radiations is 
sufficient to kill a bacterium of either B. coli or B. aeriryke, relatively 
few of the absorbed quanta are lethal. In the experiment just calcu- 
lated 0.0146/0.228 or about one in 15.6 kills. In the standardized 
experiment of Table II using B. coli one in 17.8 is deadly (a = 0.489, 
a = 0.0274). This agreement is satisfactory since it is scarcely to be 
expected that the results with filtered and unfiltered rays should be 
identical. 

The fact that so many quanta can be absorbed by a bacterium with- 
out causing death apparently means that the vital elements within the 
cell which can be destroyed by a direct quantum hit are much smaller 
than the cell itself. If the volume through which the quantum acts 
were negligible compared to that of the vital element of the cell and if 
there were only one such element in a bacterium, then the ^'sensitive 
volume” that would have to be hit in order to bring about death would 
be a / a. In the two standardized experiments with filtered rays this 
ratio is 0.064; in the series using unfiltered radiation it is 0.056. The 
spheres of action of these quanta cannot, however, be disregarded and 
the quantities a /a are to an important degree measures of these 
regions of quantxun action. Furthermore, if, as seems natural, the 
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vital parts of the cell are identified with its chromatin material, more 
than one “sensitive volume” exists within it. It can nevertheless be 
concluded that the volume of the “vital elements” contained within 
one of the bacteria studied scarcely exceeds 0.05 of its entire volume. 
This estimate seems to be in serious conflict with the earlier conclu- 
sions of Holweck and Lacassagne with B. pyocyaneus. The published 
data are, however, too few to allow of a satisfactory comparison. 

Within the limits of experimental error there is no difference be- 
tween the sensitiveness of B. aertryke and B. coli to copper K-radiation 
(Text-fig. 2). A similar result was found when studying the killing 
action of cathode rays upon them. 

Additional experiments are being carried out to ascertain in what 
way differences in X-ray wave length affect the killing of these 
organisms. 

Valuable help in the catTjdng out of these experiments has been 
given by Charles G. Porskieves. 

CONCLUSIONS 

Both copper K X-rays and the soft general radiation from a tungsten 
tube operated at 12 K.V kill B. coli and B. aertryke in a linearly ex- 
ponential fashion. Within the experimental limits, the two organisms 
appear to be equally sensitive to these radiations. 

By making use of the fact that X-ray energy is absorbed in quanta, 
an approximate picture can be formed of the mechanism of this de- 
structive action. If the average numbers of quanta (a) absorbed per 
bacterium per second are calculated from measurements of air ioniza- 
tion using the quantities outlined in the text, survival ratios for these 
badUi can be approximately represented by the equations 

Al — 0.064 a I 

Ac 

for filtered copper rays and 


A) - 0.056 a t 

Ao * 

for unfiltcred copper raj’s (peak voltage = 34 
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In terms of the foregoing interpretation this means that when death 
results, it is caused by the absorption of a single X-ray quantum of 
energy. Since only about one in twenty of the absorbed quanta kills, 
the sensitive ceU constituents whose destruction leads to cell death 
must have a volmne which is less than 0.06 of the bacterium itself. 


EXPLANATION OF PLATE 17 

Fig. 1. A photograph of the experimental arrangement for irradiating bacteria. 
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It has previously been shown (1, 2, 3) that the addition of methylene 
blue, or similar reversibly oxidized and reduced dyes, increases the 
oxygen consumption of cell suspensions. It was also demonstrated 
that correlated with this increase, there is a decrease in the aerobic 
glycolysis* as shown by a diminished lactic acid formation (4) . It was 
furthermore suggested (5) that the effect of the dye seemed to be pro- 
portional to the fermentative power of the cell. To test the validity of 
this hypothesis, use has been made of the fundamental researches of 
Warburg (6) on the metabolism of normal tissues and tumors. War- 
burg has shown there is a sharp difference between the metabolism of 
tumors and that of normal adult tissues. YTiile in general normal 
adult tissues possess a high respiration, sufficient to check the appear- 
ance of the fermentative processes, tumors, on the other hand, have a 
low respiration, and consequently part of the energy necessar}’’ for the 
performance of cellular actimties has to be provided by fermentation. 
The lactic acid produced in tumors may thus reach about 13 per cent 
of the weight of the tumor. If methylene blue and similar dyes act as 
catalj'sts for the oxidative processes of living cells only when the cells 
in question possess a fermentative power, these two kinds of tissues 
are the most appropriate material with which to test the validity of 
the hj’pothesis. 

The C-Yperiments were performed on fresh rat tissues and rat tumors taken soon 
after death caused by a blow on the head. The tissues and tumors were cut with 


* Whenever the word glycolysis is employed in this paper, it is used in the sense 
given by Warburg, i.e., the splitting of one molecule of glucose into two molecules 

of lactic acid according to the equation CtHjjOc ■= 2CjHtO:. 




448 


OXYGEN CONSUMPTION OF TUMORS 


a hand razor into thin slices, 0.4 mm. tliick, to allow free diffusion of ox>'gen 
throughout the section. They were kept in a saline solution containing 0.15 gm. 
per cent of glucose, and a mixture of phosphate buffers, having a pH of 7.38. 
The oxygen consumption was determined in Warburg vessels ■'witli Barcroft 
manometers. The temperature of the water bath was 37.5°C. 

The Effect of Methylene Bine on the Oxygen Consumption of 

Normal Tissues 

The following normal tissues were employed; liver, kidney, brain 
(gray matter), spleen, and testicles. For the study of pancreas, 
rabbits were used. The respiration and carbohydrate metabolism of 
slices of these tissues have been determined in vitro by Warburg and 
his associates. Liver, pancreas and kidney possess no aerobic 
glycolysis. Brain and testicles are reported as ha\dng a small aerobic 
glycolysis. The metabolism of spleen has been determined by 
Murphy and Hawkins (7) and found to show an aerobic gl3’^colysis. 

In preliminary determinations, the metabolism of all these tissues 
was measured by the use of the well known Warburg metliods, and 
found to be more or less like that reported by the above named 
investigators, except for the metabolism of rat testicles, where a QO2 

O2 

of —15.0 was found, and a QCO2 of +1.2 instead of QO2 — 12.3 and 
O2 

QCO2 +7.2 found by Warburg. In view of this discrepancy, the 
glucose consiunption and lactic acid formation of rat testicles were 
determined chemically. As it can be seen from Table 1 there was no 
lactic acid formation, though there was destruction of glucose. The 
addition of methylene blue did not have any influence either on the 
speed of glucose consumption or in the lactic acid formation. 

TABLE 1 

The Effect of Methylene Blue on the Glucose Consumption and Lactic Acid Formation 

of Rat Testicles 


Testicles continuously shaken in a saline solution containing phosphate buffer 
^ pH / .38. 


437.8 mg. tcstide 

Glucose in 
mg. per cent 

Lactic acid in _ 
mg. per cent 

Before incubation 

1!M 

66.9 

2 hours after incubation control 

— 

66.4 

M. B. added 

■■ 

66.8 
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TABLE 2 


The Effect oj Methylene Blue on the Oxygai Consumption of Normal Tissues 


Kind of tissue 

Ot consumption in c.mm. per hour 

Per cent increase 
or decrease 

Before dye addition 

After dye addition 

Rat kidney: 




1) 

47.6 

47.3 

-0 

2) 

128.8 

116.3 

-9.7 

3) 

59.0 

56.2 

-4.7 

4) 

51.6 

38.0 

-26.3 

S) 

63.0 

46.5 

-26.2 

6) 

94.0 

79.0 

S -15.9 

Rat liver: 




1) 

37.2 

37.5 

-0 

2) 

80.6 

75.0 

-6.9 

3) 

41.7 

40.3 

-3.3 

4) 

42.7 

37.4 

-12.4 

S) 

54.2 

52.2 

—3.7 

Rabbit pancreas: 




1) 

25.6 

23.4 

-8.6 

2) 

22.0 

20.6 

-6.8 

3) 

17.5 

13.0 

-25.7 

4) 

23.6 

19.0 

-19.5 

5) 

24.8 

22.6 

-8.9 

Rat testicle: 




1) 

120.5 

119.5 

-0 

2) 

118.9 

114.9 

-3.4 

3) 

117.2 

114.0 i 

-2.7 

4) 

140.7 

140.0 

-0 

Rat spleen: 




1) 

31.0 

33.4 

-r7.7 

2) 

29.7 

30.8 

-f3.7 

3) 

38.3 

42.1 

+9.9 

4) 

32.0 

34.2 

+6.9 

5) 

34.8 

37.0 

+6.3 

b) 

55.1 

55.4 

0 

7) 

46.8 

57.4 

+22.7 

Rat brain (gray matter): 




1) 

2S.6 

30.3 

+6.0 

2) 

35.3 

38 6 

+9.3 

3) 

37.2 

37.6 

0 

4) 

33.0 

41.8 

+26.6 

5) 

25.8 

31.9 

+23.6 

6) 

28 S 

33 2 

+15.3 

+S.5 

7) 

■ ! 29.2 

31,7 
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In Table 2 have been tabulated the results of the experiments on the 
oxygen consumption of normal tissues, and the effect of methylene 
blue. The values given do not refer to the weight of the tissue, but 
are the figures directly found. The oxygen consiunption of these 
tissues, weighed after drying for some hours at 100°C., was found to 
correspond to the figures given by Warburg. In the tissues where 
tliere is no aerobic glycolysis, i.c., lactic acid production, methylene 
blue has no catalytic effect; moreover, it exerts a definite toxic action 
as shown by a definite drop in the oxygen consumption. jMethylene 
blue increases the oxygen consumption of brain tissue and spleen, 

Oo 

which possess an aerobic glycolysis of QCO2 +2.5 and +2.3 respec- 
tively. Methylene blue does not increase tlie oxygen consumption of 
the tissue of rat testicles, nor does it have action on the lactic acid 
formation. It is interesting to note that the toxic effect of the dye 
observed in kidney and liver tissues is not found in testicles. 

In order to provide further evidence of the action of methylene blue 
on the fermentation phase of cellular metabolism, the oxygen con- 
sumption of the above mentioned tissues was measured in the presence 
of KCN (^“75-), previously neutralized to the same pH as that of the 
saline solution, and the effect of methylene blue determined after- 
wards. Cyanide is a specific respiratory poison as shown by Warburg, 
but it has no effect on the fermentative process which proceeds undis- 
turbed. Incidentally, Dixon and Elliot’s (8) observations on the 
influence of cyanides to inhibit partially the power of normal tissues 
to consume oxygen were confirmed.* While KCN inhibits completely 
the respiration of goose erythrocytes, yeast cells ?in6.Arbacia and star- 
fish eggs, this inhibition is never complete in the case of normal tis- 
sues. In Table 3 are given average figures of the experiments. Liver, 
kidney, pancreas, and testicles, which noimally did not show any 
increase in their oxygen consumption by the action of methylene blue, 
exhibit a manifest increase when the respiration is inhibited by cyanide 
and the glycolysis appears. In spleen, the increase of the oxygen 

* After this paper had been sent to press, Howard, from Warburg’s laborator}’’, 
showed that KCN inhibition of respiration is about complete when the tissues 
are kept in Ringer solution buffered with bicarbonate {Biochem. Z., 1930, 221, 
498). This recent communication does not affect the experiments related here. 
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consumption by the action of methylene blue is considerably enhanced 
by previous addition of cj^anide. 

Wendel (9) has reported that red blood corpuscles oxidize added 
sodium lactate in the presence of methjdene blue. The addition of 
lactates to normal tissues, B-here the catalytic power of the dye is 
absent, produces neither an increase on the oxygen consumption nor 
a dim inution of the added lactates. The determinations were made 
with hver, kidney and testicles, both by the manometric methods and 
by chemical analysis. 


TABLE 3 

The Effect of Methylate Blue on the Oxygen Consumption of Normal Tissues 
Presnously Treated with KCN (i^) 


Kind of tissue 

Oi consumpt 
in cj 

Before 
dj*e addition 

ion per hour 
cnm. 

After _ 
d 3 re addition 

Per cent 
increase 

Rat kidney 

22, Q 

36 3 


Rat liver 

13.8 

16.4 

18.8 

Rat spleen 

5.2 

20.1 

286.4 

Rat testicle 

9.2 

27.6 

200.0 


The Effect of Methylene Blue on theOxygen Consumption of Tumors 

As a result of the obseiwations of Warburg, repeated and confirmed 
by a number of investigators, it is known that tumor tissues possess a 
metabolism different from the metabolism of normal adult tissues. 
Tumors, whether taken from animals or cultivated in vitro show in 
general a low respiration compensated by an abnormally high fermen- 
tation, which is more manifest when measuring the “Pasteur Reaction” 
of these tissues, i.c., the e-xcess fermentation given by the following 
formula = U = Q — 2 (QOj) where Q is the anaerobic gljxoh'sis 
and QO: the respiration. Let us add that aerobic glycoh'sis is not a 
specific feature of tumor tissues. Warburg (10) has summarized 
c-xamplcs of normal tissues possessing aerobic glycolysis. Crabtree (1 1) 
has shown it to be a property of certain pathological overgrowths 
associated with intracellular xnruses, and recently Xeuhaus (12) 
has reported the presence of an appreciable aerobic glycolysis in 
granulation tissues. 
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TABLE 4 


The Effecl of Methylene Blue on the Oxygen Consumption of Tumors 


Kind of tumor 

Oi consumption in c.mm. per hour 

Per cent increase 

Before dj'e addition 

After dye addition 

Human carcinoma (breast): 




1) 

17.0 

21.3 

25.3 

2) 

24.6 

33.7 

37.0 

3) 

26.0 

31.0 

19.2 

Rat carcinoma (Walker 256) : 




1) 

24.4 

40.5 

66.0 

2) 

22.5 

29.5 

31.1 

3) 

32.4 

40.3 

24.4 

4) 

29.2 

42.3 

44.8 

5) 

16.3 

33.6 

106.0 

6) 

24.3 

38.4 

58.0 

7) 

25.1 

36.5 

45.4 

8) 

32.0 

48.0 

50.0 

9) 

12.7 

21.9 

72.4 

10) 

28.1 

46.3 

64.8 

11) 

32.3 

48.5 

50.2 

Rat adenocarcinoma No. 20: 




1) 

14.3 

25.6 

79.0 

2) 

25.9 

45.4 

75.2 

3} 

19.7 

37.3 

89.3 

Rat sarcoma No. 1 (Walker) : 




1) 

24.1 

33.3 

38.2 

2) 

26.6 

40.3 

51.5 

3) 

32.9 

48.8 

48.3 

4) 

35.3 

47.4 

34.3 

5) 

49.7 

62.8 

26.4 

Rat sarcoma No. 135: 




1) 

38.7 

57.0 

47.3 

2) 

30.5 

42.5 

39.3 

3) 

41.3 

54.5 

32.0 

Rat sarcoma No. 10: 




1) 

29.9 

41.0 

37.1 

2) 

34.4 

53.9 

56.7 

Cliicken sarcoma (Rous) : 




1) 

11.6 

23.5 

102.0 

2) 

10.5 

22.7 

116.0 

3) 

9.4 

19.6 

108.6 

4) 

17.4 

27.0 

55.2 

5) 

10.1 

14.2 

39.4 
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It was expected that methylene blue would exert its catalytic power 
in the presence of tmnors, since they possess a high aerobic glycolysis. 
Table 4 demonstrates that such is the case. Different kinds of 
tumors were used in these experiments: human carcinoma, rat 
sarcoma, rat adenocarcinoma, and Rous chicken sarcoma with the 
same results, namely that there is a defimte increase in the oxygen 
consumption of these tissues in the presence of methylene blue, an 
increase which is higher than the one observed in brain and spleen. 

WTien the respiration is inhibited by cyanides, the addition of 
methylene blue, although increasing considerably the oxygen con- 
sumption in relation to the previous low value obtained before the 


TABLE 5 

The Effect of Methylene Blue on the Oxygen Consumption of Tumors, Previoialy 

Treated with KCN 


Kind of tuznor 

Oj consumption per hour 
in g-tTtm. 

Per rant 

Before 
d>*e fiddidoQ 

After 

d>*e addition 


Human carcinoma 


7.1 

373.4 

Rat adenocarcinoma (Walker No. 76) 

0 

IS.O 

03 

Rat carcinoma, mammarj' gland (Walker No. 
256) 


— 

1440.0 

Rat sarcoma (WalJier No. 1) 

5.8 

■B 

337.0 



dye is added, does not bring it back to the values observed without 
cj'anides. There is in the action of cyanides on the o.xygen consump- 
tion of tumors an interesting phenomenon which will be studied more 
carefully in this laboratory'. KCN inhibits the o.xygen consumption 
of tumors almost completely'. In the e.xperiments here reported the 
inhibition was from 100 per cent to 90 per cent in relation to the oxygen 
consumption of the same weight of untreated tumor. This obser\'a- 
tion is in sharp contrast to the findings of DLxon and Elliot (8), which 
have been confirmed in this laboratory’, of the incomplete inhibition 
of the o.xygen consumption of normal tissues by cyanides, which, in 
the c-xperiments reported in Table 3, was from 70 to 85 per cent. 
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The Relation between the Catalytic Power of Methylene Blue and the 
Aerobic Glycolysis of Cells and Tissues 

In an attempt to correlate, in a quantitative way, the relation 
between the catalytic power of methylene blue, and the fermentative 
power of the tumors studied, the aerobic glycolysis was determined, 
employing the methods of Warburg. The data have been tabulated in 
Table 6. The figures given for the aerobic glycolysis of normal tissues 
have been taken from Warburg’s data (13), excepting that the aerobic 
glycolysis of spleen has been taken from the data of JMurphy and 

TABLE 6 


Relation bchveen the Aerobic Glycolysis, and the Catalytic Power of Methylene Blue 
on the O 2 Consumption of Tumors and Normal T issues 


! 

Kind of tumor or tissue 

Per cent 
increase or 
decrease due to 
M. B. (Oi 
consumption) 

Aerobic 

glycolysis 

Kidney 

— 13.S 

0 

Liver 

-5.2 

0 

Pancreas 

— 13.9 

0 

Spleen 

-f8.2 
■+12.7 
+27.2 
i +55.7 
+81.7 
+39.7 
+39.5 
+84.2 

+2.3 

+2.5 

+9.2 

+17.7 

+22.5 

+11.3 

+12.1 

+21.4 

Brain 

Human carcinoma 

Rat carcinoma (Walker) 

Rat adenocarcinoma (Walker) 

Rat sarcoma (Walker No. 1) 

Rat sarcoma (Walker No. 135) 

Chicken sarcoma (Rous) 


Hawkins. The data on the aerobic glycolysis of Rous chicken sar- 
coma have also been taken from the last mentioned authors. It can be 
seen in this table that methylene blue exerts its catalytic power onl)'’ on 
cells or tissues possessing aerobic glycolysis. There is evidently a 
rough proportionality between the catalytic power of the dye and the 
fermentative power of the cell or tissue. 

DISCUSSION 

It has been established (5) that the following factors influence the 
catalytic power of reversibly oxidized and reduced dyes on the cellular 
oxidative processes: the permeability of the cell membrane to the 
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dye; and the reduction potential of the dye, since the speed of this 
activation is a function of the speed at which the dye is reduced b}’’ the 
cell, and the speed at which the leucodye is oxidized by the atmospheric 
oxygen. From the experiments reported in this paper it can be said 
that the fimdamental factor is the fermentative power of the ceU or 
tissue. Thus normal adult tissues have, in so far as the microscopic 
sections can reveal, the same permeability for methylene blue as 
tmnors; they possess the same reducing power as shown by Voegtlin, 
Johnson and Dyer (14). Nevertheless, while the dye has no action 
or even exerts a toxic effect on the respiration of normal adult tissues 
when deprived of aerobic glycolysis, the dyes show their catalytic 
power on cells or tissues possessing a fermentative power as expr^sed 
by their aerobic gtycolysis. Methylene blue has no effect on the 
oxygen consiunption of most normal adult tissues because they do not 
produce lactic acid under aerobic conditions. The high respiration of 
the cell checks the fermentative power. MTien the respiration of these 
tissues is inhibited, by the addition of a specific respiratory poison, 
namely KCN, and the fermentation appears, methylene blue exhibits 
its catalytic power, increasing the oxygen consumption of these tissues, 
normally inactive to the action of the dye. 

The effect of methylene blue on the oxygen consumption of tumors 
is a further confirmation of this point of view. It is known that the 
respiratory power of the tumors is limited; as a consequence, and, 
according to the brilliant conceptions of Pasteur (15), because respira- 
tion is performed at the expense of fermentation, the fermentative 
process in aerobic conditions appears to provide the energy’ necessary 
for the maintenance of the cellular metabolism. Neoplasms therefore 
pro\dde the necessary conditions for the action of methylene blue. An 
e.xtremely interesting question is raised here, a problem which will be 
investigated shortly. If it is possible to change the metabolism of 
tumor tissues by the addition of methylene blue in such a way that 
the tissue shows an increased respiration, as well as a decreased 
aerobic glycolysis with a consequent shift of the Pasteur Reaction 
towards the negative side, it means, that, by the action of the dye, the 
metabolism of these tumors is shifted towards the direction of the 
metabolism of normal adult tissues. By using a small concentration 
of methylene blue on cultures of tumors, and growing them for several 
generations in a medium containing the dye, |)os5ibly the characteristic 
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tumor metabolism, with its low respiration and high fermentation, 
might be changed permanently into one showing the characteristics 
of normal tissues. 

The constant relation between the fermentative power of cells and 
tissues, and the increase of their oxygen consumption after the addition 
of methylene blue is so general and has been tested with such a variety 
of cells and tissues, that it seems justifiable to suggest the use of 
methylene blue as a test for the fermentative power of cells and tissues. 

CONCLUSIONS 

1. Methylene blue has no cataljdic effect on the o.xygen consump- 
tion of those normal adult tissues which do not possess aerobic glycoly- 
sis. The dye increases the oxygen consumption of these tissues when 
their respiration has been inhibited by the addition of EICN and their 
fermentative power thus brought into action. 

2. Methylene blue increases the oxygen consumption of normal 
tissues having aerobic glycolysis, and of tumors. 

3. The effect of methylene blue is roughly proportional to the 
fermentative power of tissues. 

I wish to express my sincere thanks to Dr. Margaret Reed Lewis of 
the Carnegie Laboratory of Embryology for generously supplying 
me with the rat tumors used in these experiments. 
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IMMUNITY TO POLIOMYELITIS IN MOTEERS ANT) THE 
NE\^TORN AS SHOWN BY THE NTUTRALIZATEON 

TEST* 


By W. LLOYD AYCOCK, MJ)., aot S. D. KRAilER, M.D. 

{From the Department of Pre:senti‘Be Medicine and Hygiene, Harvard Medical School, 
Boston, and the Research Laboratory of the Vermont Department 
of Public Health, Burlington) 

(Received for publication, June 10, 1930) 

Evidence has been presented elsewhere relating to the age distribu- 
tion of poliomyelitis which indicates that immunity to the disease is 
widespread, bearing a direct relationship to age and concentration of 
population and an inverse relationship to the incidence of the disease 
in all ’’qe groups.f It was inferred from this study that the virus of 
t i . .are has a similar widespread distribution (1), Neutralization 
teciCS on a series of individuals not giving a history of poliomyelitis were 
reported in a later communication (2). In an urban population im- 


This work was supported by the Hai-vard Infantile Parah'sis Commission, a 
fund privately donated to the Vermont Department of PubUc Health, and a gift 
from the International Committee for the Study of Infantile Paralysis. 

^ t ^\Tiile increasing immumty with increase in age k undoubtedly a major factor 
m determmng the diminishing incidence of the disease with increase in age, there 
are indications that especially after adult age k reached a diminishing chance of 
a equate expo^re is also a factor not only in the diminkhing incidence of the dk- 
ease but also in a dk^ution in the rate with which immunization occurs with 
incre^e in age. ^ Diminkhing chances of contact infection with age are also sug- 
gcste ^ Chapin s figures for measles, which show a diminkhing attack rate in 
susceptiblcs m families with cases with increase in age (5), as well as by Pope’s 
stu ics o scarlet fever (6). The idea of diminishing chance of exposure with in- 
cr^c m age is also in line with certain indications that in adults there tends to be 
a loss of immunity which might be accounted for by lad: of reinforcement from 
repeat ^ exposures. For rural populations both our own neutralization tests for 
immumt> to poliomyclitk and Kidder’s figures for immimity to diphtheria (7) 

in a s ghtl> higher susceptibility amongst adults in general than for the 15 
to 19 year age group. 
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munity was found to exist least often in the 1 to 5 year age group, but 
with increasing frequency with increase in age. In a rural population 
not only was the frequency of immunity in the 1 to 5 year age group 
less but the increase in the frequency with which it was found with 
increase in age was less than in the urban population. Evidence has 
also been presented that urban adults residing in a warm chmate en- 
joy a degree of immunity to the disease similar to that of urban adults 
living in a cool climate (3). This suggests a similar widespread dis- 
tribution of the virus in warm and cool climates, and in view of the 
greatly diminished incidence of the disease in warm climates, empha- 
sizes the point brought out elsewhere that the occurrence of the dis- 
ease may not in all circumstances paraUel the distribution of the virus 
(4). 

The results of these studies of the extent of immunity in relation to 
the incidence of the disease with respect to age and concentration of 
population when compared with similar studies on diphtheria suggest 
that the mechanism of dissemination of the virus and of immunization 
is the same as in diphtheria, the essential difference in the epidemiol- 
ogy of the two diseases lying in the frequency with which the “acci- 
dent” of disease occurs in the process of immunization. 

In infants under 1 year of age the incidence of both poliomyelitis and diphtheria 
is low. In the case of diphtheria the relatively low incidence in tlie first year of 
life has been shown to be due to an immunity passively derived from the mother. 
This passive immunity disappears in most instances before the age of 1 year is 
reached. Polano (8) in 1904 in testing the blood of seven motliers and the cord 
blood from their infants found that the amount of antitoxin was quantitatively 
similar or was absent in each. Von Groer and Kassowitz (8) testing mothers and 
infants at 143 births found antitoxin in 84 per cent of infants. In 96 per cent of 
these, mothers and infants corresponded with one another in having or not having 
antitoxin. Zingher, (8j in 1917, working with the Schick test upon 23 mothers and 
infants up to 3 months of age, found only a single divergent result, namebq a posi- 
tive test (no antitoxin) in an infant from a Schick negative mother. 

In order to determine whether the relatively low incidence of polio- 
myelitis in infants is similarly due to temporary maternal passive im- 
munity we have tested the blood sera of a group of mothers together 
with sera from the cord blood of their newborn infants for the pres- 
ence of neutralizing substance for the virus of poliomyelitis. The 
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sera were mixed with a virus suspension, incubated for 2 hours, placed 
in the ice box over night, and inoculated intracerebraUy into rhesus 
monkeys in the manner described in our earlier papers (2, 3). The 
results of these tests are shown in Table I. 

The senun of nine mothers and their infants completely neutralized 
the virus. The serum of one infant neutralized the \drus while the 
animal inoculated with the mixture of virus and the mother’s serum 
developed the disease on the seventeenth day following inoculation. 
The control animal in the same experiment developed the disease on 
the eighth day.* The serum of two mothers and their infants failed 
to neutralize the virus. 

These results may be taken as an indication that where the mother is 
immune to poliomyelitis there is a passive transmission of immunity 
to the infant. We have not performed any tests to determine the 
duration of this immunity or whether or not it is fortified or prolonged 
by suckling, as has been shown to be the case in diphtheria. However, 
previous tests showing immunity in a relatively low proportion of 
children m the 1 to 5 year age group together with the relatively high 
incidence of the disease in this age group suggest that the duration of 
passive immunity in infants is not unlike that in diphtheria. 

DISCUSSION 

In this small seri^ of tests immimity was found in a correspondingly 
high percentage of infants at birth and their mothers, the infants 
corresponding in each instance with the mother in respect to immunity 
with one exception, in which the result was doubtful but not contra- 
dictor}'. The fact that even in this small series the findings agree 
Viith what was anticipated from an analysis of the age distribution of 
poliomyelitis in comparison ^ith that of diphtheria justifies the con- 
clusion that the relative infrequenc}' of poliomyelitis under one year of 
age is due in considerable measure to a passive transmission of immune 
bodies to the young through the placenta. No tests have been done 
to detemune whether this passive immunity receives reinforcement 

* While the result of this test is doubtful, from our prc\'ious experiments tre have 
come to regard an incubation period of more than 14 days (using an active 7 or S 
day anrus) as probably representing partial neutralization, a denree of 
immunity. 
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TABLE I 


Neutralization of the Virus oj Poliomyelitis by Scrum of M others atid Newborn Infants 


Case 

Monkey 

Virus No. 

Virus-serum mix- 
ture 1 : 1 

Date of inocuh' 
tion 

Outcome 

Neutralization 

Remarts 




cc. 





44780 

(mother) 

21 yrs. 


515 


4/ 8/30 

No symptoms 

+* 

1 

1 

1 

1 

44780 

(baby) 


515 

1.0 

4/ 8/30 

No symptoms 

+ 

1 

1 


44798 

(mother) 

17 yrs. 

47-6 

515 

1.0 

4/ 8/30 

No symptoms 

i 

! + 

1 

i 


44798 

(baby) 

47-0 


1.0 

4/ 8/30 

No symptoms 

+ 


44799 

(mother) 

19 yrs. 

39-8 

515 


4/ 8/30 

4/19 Paralyzed 

1 

Recovered with 

residual paraly- 
sis 

44799 

(baby) 

49-5 

515 


4/ 8/30 

4/21 Paralyzed 

1 

Typical micro- 

scopic lesions of 
poliomyelitist 

Convalescent 
serum No. 83 

49-2 

515 


4/ 8/30 

i 

1 

No s 3 ’mptoms 

+ 


Normal monkey 
serum 




4/ 8/30 

4/16 Paralyzed 

1 

TjTpical micro- 
scopic lesions of 
poliomj'elitis 

44803 

(mother) 

22 yrs. 

49-9 

515 

1.2 

4/10/30 

4/17 Paralj^zed 

1 

Typical micro- 

scopic lesions of 
poliomyelitis 

44803 

(baby) 

34-5 

515 

: 1.2 

4/10/30 

4/18 Paralyzed 

1 

Typical micro- 

scopic lesions of 
poliomyelitis 


* In the seventh column of the table plus indicates tliat the serum did neutralize 
the virus and minus that the serum failed to neutralize. Plus and minus indicates 
a doubtful or partial neutralization. 

t lATiere Typical microscopic lesions of poliomyelitis appears under Remarks, 
the animals were etherized and an autopsy performed. The statement applies to 
e-xamination of sections of spinal cord. 
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TABLE I — Conlimted 
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TABLE 1—CmcIudcd 


Case 

Monkey 

Virus No. 

Virus-serum mix- 
ture 1:1 

Date of inocula- 
tion 

Outcome 

Neutralization 

Remarks 



1 






Normal monkey 
serum 

55-1 

515 

1 

4/22/30 

1 

1 

4/28 Paralyzed 

1 

Typical micro- 

scopic lesions of 
poliomyelitis 

44860 

(mother) 

22 yrs. 

47-0 

515 

1.2 

5/ 8/30 

No symptoms 

+ 


44860 

(baby) 

47-6 

1 

SIS 

1 

1.2 

1 

5/ 8/30 

1 No symptoms 

1 

+ 


44849 

(mother) 

23 yrs. 

1 

53-8 

i SIS 

1.2 

5/ 8/30 

No S 3 rmptoms 

+ 

1 

1 

1 

44849 

(baby) 

49-8 

515 

1.2 

5/ 8/30 

No symptoms 

+ 

1 

44856 

(mother) 

22 yrs. 

49-6 

515 

1 

1 

1.2 

5/ 8/30 

5/25 Paralyzed 

dr 

Typical micro- 

scopic lesions of 
poliomyelitis 

44856 

(baby) 

53-6 

515 

1 

1.2 

5/ 8/30 

No symptoms 

4- 


Convalescent 
serum No. 83 

50-8 

1 

sis: 

1.2 

5/ 8/30 

No symptoms 

+ 


Normal monkey 
serum 

47-3 

515 

1.2 

5/ 8/30 

5/16 Paralyzed 

1 

Typical micro- 

scopic lesions of 
poliomyelitis 


through transmission from the milk in suckling, nor has the duration 
of passive maternal immunization been determined. But the fact 
that eleven out of fifteen (73.5 per cent) children from 9 months to 
5 years of age failed to neutralize the virus (2) (two of them were 9 
months and 11 months old respectively) together with the fact that as 
in the case of diphtheria the incidence rises sharply after 6 months of 
age, suggests the probability that the mechanism of maternal im- 
munization to poliomyelitis is similar to that of diphtheria. 
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At this point vre may discuss briefly the results of these and previous 
tests for immunity to poliomyelitis from the point of view of their 
statistical significance. The tests performed on indi^dduals of any one 
category is small — too small, as we have repeatedly pointed out, to 
establish the point in question when taken alone. But even where 
samples are small, if we observe several such samples and find them 
consistent with each other and ■vrith other comparable observations, 
the statistical significance of such observations rises rapidly. 

In the first place, as discussed in detail in our earlier commumca- 
tions regarding the neutralization test, the test may be considered as a 
reliable indication of immunity. 

The idea that the majority of urban adults have become ummmized 
to the virus of poliomyelitis, upon whidi our present conception of the 


TABLE n 

Summary of Neutralization Tests for Virus of Poliomyelitis — Urban Adults 




Per cent 

Kot 

imaune 

Per cent 

Northern adults 


85.7 

1 

■a 

Southern adults 


90.5 

2 

■a 

Northern mothers 

Bfl 

83.3 

2 

mm 

Total urban adults 

36 

87.8 

5 

12.2 


epidemiology of the disease hinges, is not only supported by tests 
which show immunity in increasing frequency up to adult age but by 
three separate sets of tests on urban adults themselves, all of which, 
as shown in Table II, are in close agreement. 

The curv'es for immunity in normal indi^^duals at different age 
groups both in urban and in rural populations have a similar trend. 
The diminished extent of immunity in a rural population is in accord- 
ance ulth diminishing chances of contact transmission of the \’inis, 
due to decrease in density' of population. 

Tlie extent of immunity at different ages and in urban and rural 
populations, as well as in mothers and infants, is in accord with what 
might be expected from an analysis of the age distribution of the 
disease. 

Final!}*, the extent of immunity to poliomyelitis in each age group 
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tested corresponds closely with that of immunity to diphtheria. This 
with other evidence that the process of immunization is essentially the 
same for the two diseases is regarded as additional support for the 
statistical validity of the relatively small number of observations which 
have been made on poliomyelitis. 

SUMMARY 

Neutralization tests for the virus of poliomyelitis on blood serum of 
urban mothers and their newborn infants showed that immunity was 
present in ten out of twelve (83 per cent) infants and in ten out of 
twelve (83 per cent) mothers, with a complete correspondence betw^een 
mother and infant. These tests point to passive transmission of 
immunity from mother to infant. Previous tests on other children 
(1 to 5 years) indicate that immunity in infants is transitory. 
Previous observations concerning the extent of immunity in urban 
adults are confirmed and extended. The results of these tests are 
in accord with the age distribution of poliomyelitis and parallel 
corresponding observations in diphtheria. 
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CULTWATION OF VACCINE VIRUS 


By C. P. LT, M.D., akd T. M. RIVERS, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research') 

(Received for publication, June 21, 1930) 

Many investigators have cultivated vaccine virus in bits of living 
tissue embedded in plasma. These small cultures were made on cover- 
slips which were then inverted and sealed over hollow groimd slides. 
For many reasons methods of making larger cultures are highly desir- 
able. To this end, Carrel and Rivers (1) devised a procedure whereby 
cultures of vaccine virus were made in 2 to 8 cc. amounts. This was 
accomplished by inoculating minced chick embryo tissue with vaccine 
virus and then embedding it in diluted chicken plasma in Carrel 
flasks. This method was improved upon by Maitland and ^laitland 
(2) who used a fluid medium consisting of minced chicken kidney sus- 
pended in chicken serum diluted with Tyrode’s solution. Later 
Muckenfuss and Rivers (3) altered Maitland’s medium by substituting 
rabbit testis and serum for chicken kidney and serum. The fact that 
certain \'iruses, c.g., vacdne virus, Virus HE, herpetic \drus, will mul- 
tiply in a medium of this nature has been amply verified by the work 
of Eagles and McClean (4), Andrewes (5-7), and Maitland and Laing 
( 8 ). 

The work to be described at this time has to do with the simplifi- 
cation of the technique for the cultivation of vaccine drus suitable for 
Jenncrian prophylaxis in man. A medium, in which tissues and serum 
from halfgrown or adult animals are used, may easily permit the entry 
of an unknown drus into the cultures as a contaminant. The chance 
of such an occurrence can be lessened by the use of minced chick 
embrj’o suspended in TjTode’s solution. The possibilitj' that such a 
medium would be appropriate was suggested by an experiment in 
which Andrewes (6) showed that Virus III survived and formed inclu- 
sions in rabbit testicular tissue suspended in Tyrode’s solution. 

•563 
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Methods and Materials 

Virus . — ^Levaditi neurovaccine virus that had been propagated for 6 months 
in rabbit testicles was used to initiate the cultures. 

Tissues . — Testicular tissue was obtained aseptically from rabbits, washed in 
Tyrode’s solution, placed in a sterile watchglass contained in a Petri dish, minced 
with scissors, and tlien distributed in proper amounts into flasks by means of a 
pipette. Embryo tissue was obtained from eggs, incubated 9 to 12 days, that had 
been opened according to the method of Carrel and Pvivers (1) or that of Eagles 
and McClean (4). 

Fluids . — When serum was used it was collected from rabbits, and diluted 
with 3 parts of Tyrode’s solution. TjTode’s solution, pH about 7.2, prepared ac- 
cording to the following formula was sterilized by filtration; NaCl, 8 gm.; KCl, 
0.2 gm.; CaCl 2 , 0.2 gm.; MgCl 2 , 0.1 gm.; NaHPO^, 0.05 gm.; NaliCOj, 1.0 gm.; 
glucose, 1.0 gm. ; water q.s. 1000 cc. 

Coniaimrs . — Containers for tlie production of vaccine virus in large amounts 
must be of sufiicient size and easy to handle. Furthermore, thej’’ must permit 
aeration and prevent contaminations and evaporation. At first, cultures were 
made in Carrel D flasks. Then 50 cc. Erlenmeyer flasks, stoppered with cotton 
over which two layers of tinfoil were placed, were used. Neither type of container 
was found entirely satisfacloiy for the work. Finally a flask was designed (collar 
flask) which proved to be suitable. The mouth of the flask (Text-fig. 1) is of suffi- 
cient size to permit the removal of the contents by means of a pipette. It is closed 
by a cotton plug over which are stretched two or three layers of tinfoil. The 
enlargement in the neck reduces the amount of water of condensation on or near the 
cotton plug and also prevents the water that does touch the cotton from running 
down and contaminating the culture. The small opening, plugged with cotton, 
on the side serves for ventilation. The bottom is perfectlj'^ flat, thus providing 
_ a large area over which a thin layer of culture may be evenl}’- distributed. The 
flasks are made in two sizes. The dimensions of the large one are: height, 14 cm., 
diameter of mouth, 3.5 cm., diameter of base, 9 cm. The measurements of the 
small one are: height, 9 cm., diameter of mouth, 2.5 cm., diameter of base, 4.5 cm. 
In the large flasks, 2 to 4 gm. of tissue suspended in IS cc. of Tyrode’s solution 
were used, while in the small ones 0.5 to 1 gm. of tissue suspended in 5 cc. of 
Tyrode’s solution was employed. 

Preparation of Cultures . — Approximately 1 gm. of tissue was used to each 5 cc. 
of diluted serum or T)'rode’s solution. Testicular or chick embr 3'0 tissue sus- 
pended in its vehicle was distributed in flasks. Prior to use, the sterilitj’- of the 
medium was tested on blood agar and in broth. During this interval (48 hours), 
the prepared flasks were stored at -f5‘’C. The medium was then inoculated 
with 0.1 to 0.2 cc. of virus emulsion, and the cultures were incubated at 37°C.for 
7 days. New cultures were made by the direct transfer of a few drops of the old 
culture into flasks of fresh medium. In this simple manner, vaccine virus can be 
propagated through an indefinite number of culture generations. 
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Tilration of Virus . — Cultures for titration were ground in sterile mortars, and 
then appropriate dilutions were made with Locke’s solution. A fresh pipette was 
always used for each successive dilution. 0.25 cc. of each dilution was injected 
into the shaved skin of rabbits. Daily observations of the animals were made for 
a week. 

EXPERIMENTAL 

In our investigation concerning the cultivation of vaccine vims, 
many experiments have been performed. All of them -will not be 



Text-Fig. 1. Type of flask used for the cultivation of vaccine virus 

described, inasmuch as some are similar to experiments made and re- 
ported by others (8). Part of our work, however, is different from 
that prcNnousl}' described and the results are summarized in Chart 1 . 

The first cultures of Series A (Chart 1) were made Febmary 17, 1950. 
A medium consisting of rabbit testicular tissue and a mixture of rabbit 
serum (1 part) and Tjurodc’s solution (3 parts) was inoculated with 
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vaccine virus and then distributed in Carrel D flasks. Virus from a 
culture of the third generation of Series A was inoculated into a flask 
(Series B) of medium comprised of chick embryo tissue suspended in 

Secies A 



Chart 1 . Summary of experiments on cultivation of vaccine virus. 

The media used in the different series were as follows: Series A: Rabbit testicu- 
lar tissue in a mixture of rabbit serum and Tyrode’s solution. Series B : Chick 
embryo tissue in a mixture of rabbit serum and Tyrode’s solution. Series C and 
D : Chick embryo tissue in Tyrode’s solution. 

T. in R. indicates titer in rabbit. 

rabbit serum (1 part) and Tyrode’s solution (3 parts). Seventh gen- 
eration virus (Series B) was inoculated into a medium of chick embryo 
tissue suspended in Tyrode’s solution (Series C). At this time collar 
flasks were first employed and since then they have been in general use. 
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The virus in Series C has been propagated for 10 generations, and is 
still under cultivation. 

The fact that the virus multiplied is obvious and a mathematical 
proof seems superfluous. Nevertheless, one estimation ■vdll be given. 
The titer of the eighth generation virus (Series B) was >1:10,000. 
This virus mixed with glycerol was stored at +5°C. for 26 days. Then 
the preserved virus was diluted 1 : 100 with Tyrode’s solution, and 5 
drops of the dilution were inociflated into 5 cc. of fresh medium. 
After a 9-day period of incubation, 4 drops of this culture were added 
to 15 cc. of fresh mediiun. After incubation the titer of the last 
culture was 1 : 1,000,000 (Series D). 

From the work summarized in Chart 1, it is obvious that the virus 
can be transferred without difficulty from one kind of medium to an- 
other. Furthermore, culture virus, mixed with glycerol, sealed, and 
stored at -1-5°C., can be preserved for a long time. In this manner 
virus has been preseiv^ed for 64 days without great loss in potency. 
Moreover, the preserved virus can be employed as an inoculum for the 
initiation of fresh cultures. 

The virus propagated in cultures for a long time seems to have lost 
none of its characteristics, for, when it is spread on the scarified shaved 
skin of a rabbit, typical vaccinal lesions occur. Moreover, serum from 
a rabbit immune to Levaditi’s neurovaccine virus completely neu- 
tralizes the culture virus. Finally, an immune serum prepared with 
the culture virus neutralizes the Levaditi vaccine \4rus. 

DISCUSSION 

A simple method for the in vilro cultivation of vaccine \'irus has 
been devised. The flasks employed are easy to manipulate and permit 
the production of large amounts of ^^rus. Moreover, the medium is 
innocuous and inexpensive, consisting of minced chick cmbrj’o sus- 
pended in T^iode’s solution. In spite of the simplicitj' of the pro- 
cedure, however, one should not forget the fact that li\ing susceptible 
host cells are employed. No one has as 3 'et been able to demon- 
strate that vaccine Nirus can multiph* in the absence of such cells. 

The facilitj' with which vaccine \-irus can be handled and cultivated 
in vitro varies with the strain. This fact has been e\'idcnced bj' pre- 
\'iou5 c.xperienccs in our laboratoiy and also in that of Eagles and 
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McClean (4), In the work reported at this time a neurovaccine virus 
was employed. Studies have been planned to determine whether it is 
possible to adapt a dermovirus to the type of medium used by us. 

suiatARY 

1. A strain of neurovaccine virus was cultivated in a medium con- 
sisting of minced chick embryo suspended in Tyrode’s solution. 

2. The virus upon cultivation apparently lost none of its essential 
characteristics. 

3. The culture virus can be preserved and stored for long periods of 
time. Furthermore, the preserved \drus can be used to initiate fresh 
cultures. 
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THE STANDARDIZATION OF ANTIPNT:UiMOCOCCIC SERUM 
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(From the Mulford Biological Laboratories, Sharp and Dohme, Inc., GlenoJden, 

Pennsyhania) 

(Received for publication, June 17, 1930) 

The mouse protection test for establishing the value of antipneumo- 
cocdc serum does not give consistent results unless a large number 
of mice are used. Friedlander, Sobotka and Banzhaf (1) used the 
specific polysaccharide of the pneumococcus as an antigen for precipi- 
tation tests, to determine the potency of serum. Their findings agreed 
fairly well with the mouse protection test of Felton (2). 

In confirming the work of Heidelberger and Aveiy (3), on the pneu- 
mococcus polysaccharide, we were struck by the consistent results 
obtained in successive precipitation tests with any one serum. At the 
same time, we have long been aware of the difficulty in the interpreta- 
tion of the mouse protection test in judging the potency of antipneumo- 
coccic serum. We, therefore, have undertaken parallel studies on a 
series of antipneumococdc serums, using both the specific polysac- 
charide precipitation and mouse protection tests. A dose agreement 
between the results of the two methods was found to exist. 

The difficulty in the preparation of polysaccharide of the high purity 
obtained bj’’ Aver>' and Heidelberger would be a barrier to the practical 
routine application of the polysaccharide predpitation .test. We 
found, however, in comparing different lots of polysaccharides of 
varying purity, that results were comparable with each lot. 

Crude polysaccharide prepared by the following technique was 
found verj" satisfactoiy for use as antigen in the precipitation test: 

.-\n 8 day broth culture of the t>‘pe pneumococcus is evaporated to about one- 
fiftcenth the original volume. The material is chilled and trichloracetic add 
crystals added to make a 5 per cent solution. precipitate is formed and re- 
moved by centrifugation as soon as possible. To the dear supernatant about one 
and one-half volumes of alcohol are added and centrifuged. The alcoholic pre- 
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dpitate contains the polysaccharide which is soluble in water and is purified by 
repeated re-precipitations with alcohol. The final precipitation is usually done 
with acetone. Further purification does not seem necessar}^ 

Polysaccharide made by this method when dried and dissolved in 
saline 1 to 10,000 can be satisfactorily used for antigen in the precipita- 
tion test. 

The technique of the precipitation test ufeed by us is as follows: Equal volumes 
of serum dilutions and a constant polysaccharide dilution (1 to 10,000) are mi.xed 
and placed in a water bath at 37°C. The water level should be not more than 
one-half that of the test mixture. The test is read after 2 hours. Further precipi- 
tation in higher dilutions may occur after longer incubation at 37°C., or a subse- 
quent period on ice, but the result is not as dear cut, variations being more frequent 
than when the 2 hour reading is used. 

The interpretation of the test is based on a comparison of the titer 
of the complete precipitation of a standard serum, F-146 (supplied 
by Felton), as containing 200 protective units* per cubic centimeter 
for Pneumococcus Types I and 11, with that of the unknown test 
serum. 

In repeated tests, using a solution of Type I polysaccharide of 1 
to 10,000, the standard serum gave complete precipitation in a dilution 
of 1 to 20. On this basis the number of units for Type I of the test 
serum would be expressed by the following equation. 

Dilution of test serum 

X 200 = Number of units of the test serum. 

The results of comparative mouse protection and polysaccharide 
precipitation tests with a portion of the many pol)rvalent antipneumo- 
coccic Type I and II serums, tested, are shown in Table I. Only 
results of tests with Type I are given. Type II values can also be 
tested by the polysaccharide precipitation test, the equation of calcula- 
tion, however, being different as the standard serum F-146 with a 
protective unit value of 200 units in Type II, results in a complete 
precipitation at a dilution of 1:35 with the specific Type 11 polysac- 
charide used by us. 

* The standard value of this serum has recently been changed by Felton after 
testing with the different strains of pneumococcus used by the various laboratories, 
to 500 units per cubic centimeter Type I and Type II. 
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The interpretation of the mouse protection by direct calculation for 
miit value according to virulence is frequently difficult. The varia- 
tions and irregularities in the time of the deaths frequently make 
necessary a repetition of the test before results are obtained vhich 
satisfactorily check vith the established value of the standard serum. 

TABLE I 


Type I Anlipneumocoectis Proleclhe Units Estimated by the Mouse Protection and 
Polysaccharide Precipitation Tests 


Scrum 

Mouse test 

SSS Ppt. 

F-146 

200 

200 

7892-N 

1 100 

120 

7879-A 

80 

SO 

789S-G 

200 

220 

7899-M 

100 

100 

79QQ-H 

50 

80 

7905-1 

300 

300 

790S-I 

300 

300 

80S1-A 

40 

50 

8082-A 

50 

£0 

MM8843-A 

600 

560 

mi8843-B 

100 

90 

MM8843-C 

50 

20 

46130 

50 

50 

48398 

400 ! 

350 


* "SSS Ppt.” is the designation used by Heidelberger and Aver>’ for the “solu- 
ble specific substance” — polysaccharide responsible for the precipitate. 


The unit values given in Table I are therefore calculated by direct 
comparison vith the 200 unit standard serum F-I46. 

Table II shows the results obtained with the polysaccharide precipi- 
tation and mouse protection test, on using serum from consecutive 
bleedings from horses under immunization. The protection test used 
in this series vras that endorsed by the Hygienic Laboratory and con- 
trolled by their standard serum. The serums are classified as good, fair 
or poor , according to the degree of protection, expressed in percentage, 
obtained in the group of mice placed on test. The ease with which 
one can be misled by the use of the mouse test alone is shown. For 
example in Serum 7S92 the value of the bleeding of 2-15-30 and of 
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3-15-30 is more accurately determined by the polysaccliaride precipi- 
tation test. The results of tefets on bleedings whicli prove horses to 
be producing serum of a higher value — such as Serum 7905 — are con- 
sistent with the mouse protection test. The exact status of serum 
from horses on the borderline of productivity is much more accurately 

TABLE n 

Avlipiicumococcic Type I 


Protcclivc Units in Consecutive Horse Bleedings 


Date 

SSS Ppt. 

Mouse 

Date 

SSS Ppt. 

Mouse 

Serum 7S79 

Scrum 8083 

1-28-30 


Fair 

12-26-29 


Fair 

2- 1-30 


Good 

1-26-30 


Fair 

2-15-30 

50 

Fair 

2-10-30 

150 

Fair 

3- 7-30 

30 

Poor 

3- 7-30 

80 

Fair 

3-31-30 

30 

Fair 

3-15-30 

100 

Fair 




4- 1-30 

80 

Fair 

Scrum 7892 

Scrum 8110 

1-30-30 


Good 

12- 4-30 

HHH 

— 

2-15-30 

220 

Fair 

1-30-30 



3- 1-30 


Fair 

2-15-30 



3-15-30 

90 

Fair 

3- 7-30 


Fair 




3-22-30 

50 

Fair 

Scrum 7905 

Serum 8113 

1-15-30 

n 

Good 

9-25-29 

- 

Poor 

1-30-30 


Good 

12- 4-29 

— 

Fair 

2-15-30 

280 

Good 

1-30-30 

ISO 

Good 

3- 1-30 


Good 

2-15-30 


Fair 




3- 1-30 

■■ 

Good 


determined by the polysaccharide precipitin test, as shown in bleed- 
ings of Serums 8083, 8110 and 8113. 

At present the immunization of all horses used in the production of 
antipneumococcic serum is followed by means of the precipitation test. 
Mixtures of bleedings for concentration or other purposes, are checked 
with the mouse protection test. 
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DISCUSSION 

The standardization of antipneumococcus sermn Types I and 11 has 
been a very diffi cult problem on accoimt of the variable results obtained 
with the mouse protection test. The difference in the virulence of the 
cultures used, of Pneumococcus Types I and U makes comparison of 
the mouse tests of various laboratories impossible. Even within 
one laboratory, in which the same strain is always used, and with 
every care for absolute duplication of method and accuracy of tech- 
nique, variations occur which often make the interpretation of the 
test difficult, and costly repetition necessary. This is due to the verj* 
nature of the test, susceptibility of the mouse to a virulent pneumo- 
coccus being so marked that the smallest deviation in the number of 
organisms injected into the test animal leads to most confusing irregu- 
larity in the time of death. Also variation in number of organisms is 
unavoidable by the method because of the procedure of making 
dilutions as a basis for dosage. 

We have found that the precipitation test is practical and gives 
comparable results on the repetition of tests. Similar conclusions 
have been reached by Heidelberger, Sia, and Kendall (see the folloi\'ing 
paper (4)). 

It seems highly probable that in the case of organisms elaborating 
specific polysaccharides this method of testing can be used for the 
standardization of the antiserums. We have succeeded with anti- 
anthrax serum, the standardization of which has been very unsatis- 
factory', and we are proceeding with tests of other antibacterial sera. 

CONCLUSIONS 

1 . The mouse protection test used for the standardization of anti- 
pncumococdc serum Tj’pe I and II is very unreliable. 

2. The specific polysaccharide predpitation test can be used to 
establish the comparative value of a test serum to a standardized serum. 

3. The polysacdraride used for such tests does not have to be of the 
highest purity. 
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SPECIFIC PRECIPITATION AND MOUSE PROTECTION 
IN TYPE I ANTIPNEUMOCOCCUS SERA* 

By mCHAEL HEIDELBERGER, Ph-D., RICHARD H. P. SIA,t ILD., A^•D 
FORREST E. EEIJDALL, Ph.D. 

{From ihe Laboratories of the Departmemt of Practice of Medicine, Presbyterian 
Hospital and College of Physicians and Surgeons, NclO York) 

(Received for publication, June 17, 1930) 

Specific predpitation has long been known to occur in antipneumo- 
coccus sera showing marked protective power in mice (1), but it has 
been possible only recently to obtain indications of a parallel variation 
in these two properties. Thus Friedlander, Sobotka and Banzhaf (2) 
showed that the number of mouse protection units in certain Type I 
and Type 11 antipneumococcus sera varied in the same sense as the 
"predpitin index.” In the preceding communication Zozaya, Boyer, 
and Clark (3) have showm that it is possible by means of the precipitin 
test to obtain within 2 hours numbers which agree excellently with 
the mouse protection imits foimd in fifteen sera. 

The great advantages of a rapid in vitro test for the potency of anti- 
pneiunococcus sera over the tedious, expensive, and often imcertain 
mouse protection test had led the writers to search for a possible rela- 
tion between specific predpitation and mouse protection in T5'pe I 
antipneiunococcus sera on the basis of their recent quantitative study 
of the reaction between the specific polysaccharide of Type IH pneumo- 
coccus and its homologous purified antibody (4) as well as on the basis 
of almost completed data on the corresponding Tjqje I reaction. 
\\fiiile this work has not resulted in so simple and rapid a routine test 
as that of Zozaya, Boyer, and Clark, the writers feel that it establishes 
on an experimentally verified and theoretically reasonable basis a 
definite parallel between maximum specific predpitation in Tj'pe I 

• The work described in this communication was carried out under the Harkness 
Research Fund of the Presbyterian Hospital, New York City. 

t On leave of absence from the Peiping Union Medical College, Peiping, China. 
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antipneumococcus sera and mouse protection. Furthermore, this 
parallel can be drawn with sufficient exactness to warrant tlie state- 
ment that in the group of wdely varying sera studied under tlie defi- 
nite empirical conditions described below, sera containing 7 mg. or 
more of specifically predpitable protein per cubic centimeter showed a 
mouse protection value of 1000 units and over. It is suggested that 
should these, or similar values be found by other workers to hold for 
sera at their disposal, a quantitative grading of Tjqie I antipneumo- 
coccus sera on the basis of their content of specifically precipitable 
protein would not only be feasible, but would also be far quicker, 
cheaper, and more susceptible of duplication in other laboratories than 
the present general^ accepted mouse protection values. 

EXPERIMENTAL 

1, Type I Pneumococcus Specific Polysaccharide . — The Type I 
“soluble specific substance” used was prepared as in a preceding paper 
(5). Since an ash-free preparation of highest purity is not essential, 
an abbreviated method is here given. 

20 liters of 5-day I pneumococcus culture in meat infusion phosphate 
broth containing 0,3 per cent of glucose are autoclaved and concentrated on the 
water bath to a volume of 1 liter. The concentrate is precipitated with 1.4 liters 
of alcohol and put through the initial 3-la5"er separation (6). The middle layer is 
treated with 200 to 250 cc. of hot water until all lumps are dissolved, and the 
mixture is centrifuged and the precipitate washed twice with small amounts of 
water. The clear solution and washings are chilled and acidified strongl}" to 
Congo red with 1:1 hydrochloric acid, centrifuging off in tlie cold and washing 
with a little 0.01 normal hydrochloric acid anj’^ precipitate formed at this point. 
The solution, the volume of which should not exceed 500 cc., is stirred vigorously, 
precipitated with 1 .5 liters of cliilled alcohol, and allowed to stand in the cold over 
night. The precipitate, after centrifuging, is taken up in water, with the addition 
of enough sodium hydroxide to maintain alkalinity. Water is added imtil all of 
the specific substance is in solution, and the remaining trace of insoluble material 
is centrifuged off. The supernatant, at a volume of 100 to 125 cc., is treated with 
10 gm. of sodium acetate, and when this has dissolved, is chilled, precipitated 
with 70 cc. of cold alcohol, allowed to stand in the cold over night, and centrifuged 
in the cold. The precipitate is redissolved in 200 cc. of water, the solution is 
centrifuged, and the supernatant acidified with glacial acetic acid to pH 3.4, at 
which point the specific polysaccharide flocculates readily and is centrifuged off. 
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The supernatant should contain very little specific substance, but if it does, the 
pH should be adjusted in the direction of further flocculation and the prkipitates 
combined. The specific substance is taken up in 100 cc. of chilled 0.05 normal 
acetic add, centrifuged off again, and washed in the centrifuge bottle, first with 
redistilled alcohol and finally with redistilled acetone. It is then filtered on a 
Buchner funnel, washed with redistilled acetone, and dried in vacuo at room tem- 
perature. The yield in a tj-pical instance was 0.8 gm.,* containing 0.5 per cent 
ash. Other analjiical data, calculated to the ash-free basis, were: [q]d, -f- 299°, N, 
5.0 per cent, values practically identical with those of the best preparations pre- 
viously reported (5). If larger amounts of broth are worked up it is best to 
repeat each predpitation. 

2. Titration of Sera by the Precipitin Method. — If, on addition of a 1:10,000 
saline solution of the specific polysaccharide to a portion of the serum, predpita- 
tion is rapid and heaiy, 0.5 cc. of the serum should be used for the quantitative 
determination. This will suffice for all except very low grade sera, of which it is 
better to use 1 cc. The sera should be measured in duplicate with accurately 
calibrated pipettes into wide agglutination tubes (dimensions of 10 x 75 mm. have 
been found suitable). If 0.5 cc. serum has been used, 1 cc. saline is then added to 
each tube, followed by 0.5 cc. of a saline solution containing 1 mg. of the specific 
pol\-saccharide pec cubic centimeter, to make a total volume of 2 cc. Ordinary' 
uncalibrated pipettes are adequate for the saline and pol>-saccharide. The tubes 
are plugged and the contents carefully and thoroughly mixed by a rotary motion 
imparted by drawing the finger tips rapidly and repeatedly diagonally down the 
side of the tube. After tie tubes have been allowed to stand 2 hours in the water 
bath at 37° and over night in the icebox,t the plugs are removed and the tubes 
centrifuged for 10 minutes at 1000 revolutions per minute, either in a refrigerating 
centrifugej or immersed in ice-water. The supernatant liquid is then carefully 
drained off by inverting the tube and wiping the mouth of the tube with filter 
paper after a few minutes. The tubes are then placed in ice-water and the pre- 
cipitates are each washed with 2 cc. of an ice-cold 1 : 20,000 saline solution of the 
specific polysaccharide, mixing the contents as before. It appears to make little 
difference whether or not the disc of precipitate is loosened from the bottom of 
^ the tube. After J hour in the cold the tubes are again centrifuged and drained 


* Since the isoelectric substance is insoluble, solutions must be made up with 
the aid of alkali. 

t Sterile technique should be employed up to this point. In the case of low 
grade sera identical values arc obtained if the tubes are allowed to stand in the 
water bath only J hour, followed by I hour in ice-water before proceeding. In 
more potent sera results a few tenths of a milligram per cubic centimeter too low 
arc obtained by shortening the process in this way. 

* Supplied by the International Equipment Co., Boston, Massachusetts. 
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as before. About 0.5 cc. of water is then added to each tube, shaking as before 
until the precipitate is loosened, after which the disc .is dissolved by the addition 
of 2 drops of normal sodium h}'droxide solution with rotation of the tube until the 
precipitate has disappeared. If the disc is allowed to stick to the glass, solution is 
much slower. The solution is then rinsed quantitatively into a micro-Kjeldahl 
flask or tube and the nitrogen determined by any standard procedure. The Pregl 
method, slightly modified, was used in the present work. Nitrogen found 
X 6.25 = specificall}’' precipitated protein. 

3. Mouse Protection Tests . — For the biological estimation of the 
amount of protective antibodies contained in various samples of Type 
I antipneumococcus sera, the method described by Felton (7) was 
employed. According to this method, a wiit (of antipneumococcus 
protective antibody) is defined as ‘‘that fraction of a cc. of serum 
which will protect against one million fatal doses of an 18-hour serum 
broth culture. The culture used must be of such virulence that 3 to 
10 organisms when injected intraperitoneally into a mouse kill the 
mouse in from 36 to 48 hours.” 

Briefly, the method consists of the intraperitoneal injection into white mice of 
0.5 cc. of a 1 :200 dilution* of an 18-hour senun broth culture of the Type I pneu- 
mococcus mixed with an equal amount of the dilution of the T)q)e I antipneumo- 
coccus serum to be tested. The immune serum dilutions were made in sterile 
normal saline and the dilutions used -were 1:25, 1:50, 1:100, 1:200, 1:400, 1:600, 
1 : 800, 1 : 1000, 1 : 1200, 1 : 1600, no attempts being made to titrate more closely by 
the use of intermediate dilutions. The organism and the immune serum dilutions 
were taken up into a syringe and injected as soon as possible intraperitoneally into 
mice. For each serum dilution tested, mice were injected in triplicate, and 
observed for 96 hours. The highest immune serum dilution protecting two out of 
the three mice for a period of 96 hours was taken as the protective unitage of the 
serum. 

The results obtained are given in Table I. 

DISCUSSION 

In the course of a quantitative study of the precipitin reaction 
between Type I pneumococcus specific polysaccharide and purified 
Type I pneumococcus antibody, it was found that maximum precipi- 
tation occurred when the initial concentration of specific polysac- 

* Calculated to contain 500,000 lethal doses. 



specific Precipitation and Mouse Protection in Type I Antipneumococcus Sera 


Sample 

No. 

Scarce 

Agglatingtion 

titer 

Units foand 
in individxi^ 
mouse pro* 
tcction tests 

Individual 
! determina- 
tions (in 
dupKcstc) of 
sp. pptble- 
protein 

Average 

mouse 

protection 

units 

Averse 
spedfeaDy 
pptble. pro- 
tein 





ms. fer cc. 


m. fer cc. 

B108C 

4* 

1:10 

50 

0.7 

50 

0.7 





0.6 

1 

1 


101 

1 (diagnostic) 

1:60 

100 

1 

1,7 

! 





I 100 

1.7 

100 

1.7 




100 

1 

1.7 



110 

5 (standard)** 


200 

1 

i 

1.9 

200 

1.9 

108B 

4* 

1:40 

200 

2.0 

1 

200 

2.0 





2.0 



105 

3 (diagnostic) 

1:60 

800 

3.1 * 






400 

3.3 






800 

3.4 

600 

3.3 




400 







600f 




108A 

4* 

1:40 

600 

3.8 

600 

3.8 





3.8 



107 

3 (diagnostic) 


800 

5.0 

800 

4.9 





4.8 



103 

3 (therapeutic) 

1:120 

1200 

6.9 






1000 

6.5 

1000 

6,7 




1000 

6.7 






800 

6.6 



104 

2 (diagnostic) 

1:160 

>12007 

7.0 






1200 

6.9 






>16007 

7.4 

1200 

7.1 




800 

7.1 







6.9 



102 

1 (diagnostic) 

>1:120 

>0007 

7.4 






>8007 

7.9 

1200 

7.6 




1200 

7.6 



106 

3 (therapeutic) 

1:160 

>12007 

>16007 

9.7 

1600 

9.7 


• Number SS43 in the paper bj- Zozaya, Boyer and Clark. 

•• Number F 146 in the paper by Zo=i>-a, Boyer and ClarL 
t This dilution was not used until the first four results had been obtained, 
t Highest dilution tested. 
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PRECIPITATION AND MOUSE PROTECTION 


charide was 1:2,000. Since, however, all but a small fraction of the 
specifically precipitated protein is carried down at one-half this con- 
centration, the latter strength is used in the test herein given, in the 
interest of economy of specific substance. Similarly, the precipitate 
is washed with a 1 : 20,000 solution of the polysaccharide as this con- 
centration is adequate to prevent appreciable dissociation of the pre- 
cipitate and the nitrogen content of a solution of this concentration is 
too small to interfere. 

It can not be claimed that the nitrogen figures obtained are more 
than an approximate representation of the specifically precipi table 
protein in the sera tested, since a single washing of the compact disc- 
like precipitate would scarcely remove all entrained inert serum pro- 
teins. On the other hand, washing with 1:20,000 polysaccharide 
solution, as is done in the test, probably fails to prevent absolutel}’’ 
dissociation of the precipitate formed under optimum conditions, so 
that these two errors tend to balance each other. Since duplicates 
and repeated determinations usually check, at least consistent results 
are readily obtained. Moreover, any number of sera may be tested 
at a time. 

From Table I it will be seen that the sera tested, when arranged in 
the order of increasing specifically precipitable protein per cubic 
centimeter, are also found to be in the order of increasing mouse pro- 
tection units. By the methods employed, 7 mg. of specifically pre- 
cipitable protein per cubic centimeter corresponded roughly with a 
mouse protection value of 1000 units, and it is felt that an easily 
reproducible and readily determinable standard system of grading 
could be worked out along these lines. 

SUMMARY 

1. A rapid and simple method is given for the approximate deter- 
mination of the specifically precipitable protein in Type I antipneumo- 
coccus sera. 

2. It is shoAvn that a dose parallel exists between the specifically 
precipitable protein and the number of mouse protection units in a 
wide variety of T3q3e I antipneumococcus sera. 

3. Owing to the consistent results obtained and the rapidity, sim- 
plicity, and economy of the method, its use is proposed instead of the 
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mouse protection test as a basis for the titration of standard sera and 
the comparison of others "with a standard. 

4. A method is given for conveniently preparing highly purified 
specific polysaccharide of Tj'pe I pneumococcus. 
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The problems of immunity in the past have been approached chiefly 
by noting alterations in the blood plasma. Although it has long been 
recogmzed that the invaded tissues also play a significant role in 
resistance, the difficulties encoimtered in studying this mechanism 
have greatly retarded a complete understanding of the problem. IMost 
of the studies on cellular immunitj’' have been devoted to various 
aspects of tuberculosis, for in this disease true humoral immunity is 
strikingly absent. Only recently has it been adequately appreciated 
that most “normal individuals” harbor a variety of pathogenic organ- 
isms in chronic foci in the naso-pharynx or elsewhere in the body and 
derive from them a generalized alteration of tissue response quite 
analogous to that found in tuberculosis (1). This bacterial allergy 
is usuall}’’ demonstrated by injecting small amounts of broth filtrates 
of the organism intradermally and noting the degree of redness and 
infiltration that has developed 24 hours later. The skin reactions are 
not type specific and may be demonstrated for many' organisms 
biologically unrelated. The relationship of tissue reactivity to 
bacterial invasion and the development of disease is obviously difficult 
to study' in the human being. Consequently we have transferred our 
investigations to rabbits using as our infecting agent B. Icpiscplicum 
vhich is harbored in the naso-pharynx and is the cause of the majority' 
of acute and chronic lesions of the respiratory tract in this convenient 
laboratory' animal (2, 3, and 4). Infections of the skin chiefly have 
been employed because here it is easiest to obser\'c the progress of the 
lesion. 


4S5 



486 


INFLAMMATORY REACTIONS AND TISSUE IMMUNITY 


Before undertaking any experiments it has been our routine pro- 
cedure to skin-test the animals with 0.2 cc. of a 48-hour broth filtrate 
of B. lepisepticum. Readings were made 24 hours later and the 
animals classified, according to the size, redness and induration of the 
injected skin, into the following groups: (1) “negative reactors,” (2) 
‘‘weak reactors,” (3) “moderate reactors” and (4) “strong reactors,” 
This classification has proved important because the strong reactors 
show a definite tendency to localize the infection, even when the 
serum in such animals (in those animals tested) shows no agglutinins 
or demonstrable protective substances against the organism used. 


TABLE I 

Comparative Infections in Strong Reactors and Weak Reactors 



Total 

infection 

mortality 

Died 

Survived 

Large 

lesion 

Small 

lesion 

Large 

lesion 

Small 

lesion 

Strong reactors 

9 

7 

2 

5 

13 

Total number, 27 

(33.3%) 

(25.8%) 

(7.4%) 

(18.5%) 

(48.1%) 

Weak reactors 

40 

34 

6 

3 

10 

Total number, 53 

(75.5%) 

(64.1%) 

(11.3%) 

(5.6%) 

(18.8%) 


Contrasted Infections in W eak and Strottg Reactors 

The negative and weak reactors, unless serological immunity is 
present, show but slight ability to limit the spread of the local lesion. 
After the injection of about 0.1 cc. of a light suspension of a virulent 
strain of B. lepisepticum (R. D.) into the skin of the flank, the charac- 
teristic infection begins as a small, pale papule at the site of inoculation 
and is well developed in 24 hours. Hemorrhagic necrosis appears 
quickly and from its intensity may be predicted the severity of the 
infection which will subsequently develop. Within from 5 to 10 
days the lesion spreads downward over the abdomen forming a large, 
black oedematous mass. The animal becomes feverish and frequently 
dies. Post mortem examination usually reveals a positive blood 
culture but seldom metastatic lesions. 

The strong reactors may occasionally develop similar large lesions 
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and succumb to the infection; in such cases the}' quickly lose all skin 
reactivity, hemorrhagic necrosis appears and the progress of the disease 
is in every way identical to that in the poor reactors. More frequently, 
however, the site of the infection is larger and redder after the first 
24 hours and spreads but little thereafter. Bistologically, the t}’pical 
lesions of the strong reactors show more leucocytes, both of the poly- 
morphonuclear and monoc}'tic variety, and much less cellular disinte- 
gration than those of the weak reactors. 

In Table I is shown the outcome of comparable infections in a series 
of eighty rabbits. It is obvious that there is a higher degree of resist- 
ance among the strongly reacting groups, this immunity being mani- 
fested chiefly by lesions more limited in extent. It might be argued 
that the presence of allergy presupposes a past “infection experience” 
from which a generalised immuni ty might also be derived. Evidence 
for this cannot be demonstrated in the serum of these animals. It 
therefore appears that the imm unity furnished is cellular in nature 
and the present work is reported in an attempt to analyze some of the 
factors in such a type of immunity. 

Injeclion of Skin Areas Previously Infilirated with Bacterial Filtrates 

Much study has been devoted to the fate of various pathogenic 
bacteria when injected into inflamed tissues. The results reported 
depend upon the orgam’sms used, the irritant employed, and the dura- 
tion and intensity of the inflammation before the infecting agent is 
introduced. An excellent summai}' of the important work on this 
subject has recently been made by Opie (5). 

Besredka (6) obsen'cd that fdtrates of certain bacteria applied to the skin 
rendered the skin immune to these bacteria and suggested the use of these filtrates 
therapeutically. Gay (7) and his co-workers have shown that a non-specific 
sterile inflammation which caused an increase of clasmalocytes protected the 
pleura of rabbits against streptococcus. Rivers and Tillett (S) and Mallon- and 
Marble (9) have demonstrated a local protection of the skin to streptococcus and 
staphylococcus by infiltrating the dermis 24 hours prew’ously with bacterial 
filtrates, or even plain broth, which suggests vera- strongly that there is no speci- 
fidty to the phenomenon. 

e have been able to demonstrate a local protection of the skin to 
virulent B. Icpiscplicum by infiltrating 24 hours presn'ously with 
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filtrates of various strains of this organism. Equal protection, 
however, was obtained with filtrates of B. coli, Streptococcus hemoly- 
tictis and to a less extent with plain broth. When filtrates and organ- 
isms are injected into the tissues simultaneously, there is no demon- 
strable protection. 

Normal rabbits showing weak skin reactions, and presumably susceptible to 
infection, were shaved over the flanks at least 48 hours before the e-xperiments. 
An area of skin about 4 cm. in diameter was infiltrated with one of the above 
filtrates by injecting small amounts at adjacent points. The total quantity 
employed was usually 0.7 cc. 24 hours later slight redness and oedema were 
present depending upon the reactivity of the skin of the individual animal. Skin 
thus prepared was injected with 0.1 cc, of standard virulent strain of B. lepisepti- 
cum (R. D.). In some animals a similar injection was made in the opposite flank. 


TABLE n 


Effect of Infiltrating Skin with Bacterial Filtrates 24 Honrs before Inoculation with 

Virulent B. lepisepticum 


Total number 
of rabbits, 
26 

1 

No necrosis 1 

Infection localized to filtrate treated skin 

9 

34.7% 

No necrosis in filtrate treated area 
Infection spread beyond filtrate area with 
usual necrosis 

1 

1 

12 

45.7% 

1 

Necrosis present in filtrate treated skin 

5 

19.2% 

[ 


In others no control injection was made in order to avoid the possible inhibiting 
effect of another lesion. Many of this group were infected intracutaneously 
several days later to demonstrate absence of generalized immunity. 

The results summarized in Table II indicate roughly three different 
types of response: 

1 . A complete localization of the lesion to the infiltrated skin. 

2. Spreading of the lesion with development of the usual large 
necrotic area over the abdomen, but in which the skin showed no necrosis 
in the filtrate-treated portion. 

3. Lesions similar to the above (2) except for necrosis in the filtrate- 
treated portion. This necrosis was usually very slight except in one 
case. This animal received only broth infiltration before being 
injected. 
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Infection in the prepared skin often produces, -within a few hours, a 
diffuse, red lesion in which the absence of necrosis is very striking 
and in which healing takes place more promptly than in control infec- 
tions. This absence of necrosis was also noted by Mallory and 
Marble and appears to the -writer to be of great significance, for we 
can assume that the inflammation surrounding a lesion is due to the 
diffusion of bacterial products resembling those found in filtrates. 
A non-specific mechanism for localizing certain infections might be 
assumed to exist if this zone of preparation antedates the bacterial 
invasion by sufficient time or if the animal possesses cells capable of 
rapid stimulation by these substances, as is the case in the allergic 
group. 

Infection of Skin Areas into Which B. lepisepticum Immune Serum Has 

Been Infiltrated 

The type of resistance just described must not be confused -with that 
conferred upon an area of skin by injecting pre-viously or simultane- 
ously -with the organisms a small amount of immime serum. We have 
employed for our experiments a stock mixture of sera obtained from 
rabbits convalescing from a large cutaneous infection caused by 
B. lepisepticum. This serum contains practically no agglutinins for 
the organism, but protests in minute amounts an area of skin infil- 
trated -with it several hours before infection. In such cases the site 
of inoculation is hardly \asible. \\Tien organisms and immune 
serum are injected simultaneously there is often a redness and indura- 
tion at the site of injection which tends to heal rapidly and never 
develops into a formidable lesion, even in the most susceptible animal. 
In the last analysis the efficacj' of immune serum in B. lepisepticum 
infection is its ability to protect the tissue cells of all varieties from 
bacteria and their injurious products. 

Infection of Skin Areas Reacting to V'arious Chemical Irritants 

Before analyzing the various factors involved in the localization of 
infection in animals showing no serum immune substances, it is im- 
^ porlant to contrast tire effect of filtrates described above -R'itli that of 
various chemical irritants such as dilute acetic add, croton oil and 
xylol. 
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Normal weak reactors were injected intradermally with small amounts of one 
of these substances. Within 24 hours a large red lesion developed with varying 
degrees of necrosis at the point of injection and often with puffy oedema over the 
dependent portions. Bacteria injected into such an area spread rapidly, produc- 


TABLE m 

Infection of Areas of Skin Inflamed by Chemical Irritants 24 Hours Previously 


Animal 

number 

Chemical 
irritant used 

Amount 

of 

irritant 

Severity of local 
inflammation 

Resultof infection 
of local inflamed area 
after 24 hours 

Result of infection 
of a control area of 
normal skin after 

24 hours 

3-42 

Acetic acid 

. cc, 

0.5 1 

Severe 

Verj’ large, ne- 

Not done 


2% 

1 

1 

erotic lesion 


3-43 

Xylol 

0.5 

Severe localized 

Large, necrotic, 

Not done 





spreading 


3-53 

Croton oil 

0.1 j 

Severe oedema 

Verj' large, ne- 

Not done 

1 

1 

1 

j 

1 

1 


erotic, spread- 
ing 


4-72 

Acetic acid 

0.1 

Very slight 

Moderate 3.5 .T 3 

111 cm. 


5% 



cm., spreading 


4-73 

Acetic acid 

0.1 

Very slight 

Moderate 3 .t 2.5 

1 X 1.5 cm. 


0.25% 

i 


cm., spreading 



Infection of Similar Areas in Immune Animals 


2-45 

1 

Acetic acid 

0.5 

1 1 

Moderate oedema 

Large 5.5 x 5 cm. 

hloderate 4x4 


2% 



No spread 

cm. 

2-68 

Acetic acid 

0.5 

Very slight 

Small 2x2 cm. 

Small 1.5 X 1.5 


2% 



No spread 

cm. 

2-78 

Croton oil 

0.1 

Severe oedema. 

Large 7x3 cm. 

Small 1x1 cm. 




moderate necrosis 

No spread 


2-81 

Croton oil 

0.1 

Moderate oedema. 

Large 8x3 cm. 

Small l.S X 1.5 




slight necrosis 

No spread 

cm. 

2-9£) 

Xylol 

0.2 

Moderate lesion 

Moderate 4x4 

2x2 cm. 




red, localized 

cm. No 




1 


spread 


3-02 

Xylol 

0.2 

Moderate lesion 

4.5 ,x 4 cm. No 

SmaU 1.5 x 1 cm. 




red, localized 

spread 

. 


ing a large necrotic lesion which usually proved fatal within a few days. Even 
when the amount of irritant was very small the dissemination of bacteria seemed 
to be increased. 24 hours later the infected irritated site was redder and larger 
than a control infection made elsewhere in normal skin. However, like a filtrate- 
treated area, no necrosis appeared at the areas receiving small amounts and healing 
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began much sooner. This confirms the work of Gay and others that the intensity 
of the previous injury often determines the outcome of local infection. (See Table 

ni.) 

Animals immunized to B. lepisepticum were treated similarly. 
Twenty-four hours after injecting an area with one of the above- 
mentioned irritants, the site was inoculated with B. lepisepticum. 
The infection spread throughout the inflamed area producing a 
lesion proportional in severity to that of the preliminary reaction. 
The immune animals never became ill, the lesions did not spread 
beyond the limits of the chemical irritation, necrosis was not so 
extensive, the discharge from the lesion was more purulent and, most 
striking of aU, healing began early and developed more rapidly at the 
site previously inflamed than in a control infection in the same animal. 

Immime serum injected mixed with the irritant is quite effective in 
controlling an infection induced the next day in the irritated area. A 
small series of normal rabbits received 0.4 cc. immune serum mixed 
with 0.1 cc. croton oil or 0.5 cc. of 2 per cent acetic add, and 24 hours 
later, the lesions were inoculated with organisms but showed only slight 
infiltration which healed rapidly in the portion receiving the immime 
serum, but outside this protected area showed the characteristic 
necrotic spread. This observation is of some interest when contrasted 
with the fate of immune serum injected with a protein antigen to be 
described in the next e-xperiments. 

Infection of Skin Areas Reacting to a Coagulable Protein to Which the 
Animal Has Been Prcoiously Sensitized 

When organisms are introduced into a wheal of reacting skin of an 
animal sensitized to a coagulable protein, a decreased tissue resistance 
is observed similar to that obtained when tissues are inflamed by 
chemical irritants. 

Xo^n.^l animals were sensitized to egg albumin by injecting 1 cc. of egg solution 
subcutaneously at S^lay intervals for 15 days. MTien 0.2 cc. of egg solution was 
then injected intradermally the familiar pink, oedematous lesion of hj'pcrscnsitive- 
ncss developed in 24 hours. Organisms injected into it spread with amazing 
rapidity throughout the whole reacting area, so that cultures made IS hours later 
were strongly positive 10 cm. or further from the point of inoculation. Rapid 
necrosis appeared and tire animals practically .always succumbed. (See Fig. 1.) 
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The extent of the lesion in the first 24 hours was in proportion to the degree of 
hypersensitiveness shown by the animal. 

We have studied the effect of immune serum on this type of infec- 
tion and have obtained results which may throw some light on the 
nature of the underlying processes : 

I. Infection of Egg-Reacting Sites in Animals Imnnine to the Infecting 

Organism 

Rabbits were selected which had suradved an infection with B. Icpiscpticum 
and which had protective substances demonstrable in the serum in such concentra- 

TABLE TV 


Results of Infecting Areas of Egg Reacting Skm in Animals Immune to B. lepi- 
septicum and Sensitized to Egg Protein 


Rabbit 

number 

Intensity of skin reactiv- 
ity to egg protein 

Extent of infection in egg react- 
ing site after 24 hours 

Extent of infection in control 
site after 24 hours 

3-98 

Marked oedema 

SI. hemorrhagic 

1 Large 

1 

8x4 cm. 

Small 

0.7 X 0.7 cm. 

4-00 

Marked oedema 
Mod. hemorrhage 

Large 

7x4 cm. 

Small 

1 xO.7 cm. 

2-72 

Marked oedema 

Moderate 

6.5x5 cm. 

Small 

2x2 cm. 

2-68 

Moderate oedema 
SI. hemorrhagic 

Moderate 

5 X 4.5 cm. 

Small 

1x1 cm. 

2-66 

Moderate oedema 

Moderate 

4.5 X 3.5 cm. 

Small 

3x2 cm. 

3-87 

Slight 

Small 

2.5x2 cm. 

Small 

1.5 X 1.5 cm. 

3-88 

Very slight 

Small 

1.3 X 1.2 cm. 

Moderate 

2.3 x3 cm. 

3-89 

Very slight 

Small 

1.2 X 1.5 cm. 

Small 

1.5 X 1.3 cm. 

3-99 

Very slight 

Small 

1.7 X 1.7 cm. 

Small 

2x2 cm. 


tion that 0.2 cc. injected into the skin of susceptible rabbits protected locally 
against a large number of B. Icpiscpticmn injected into the same site. 

These immune animals were sensitized to egg albumin as outlined above, skin- 
tested with egg, and the reacting skin inoculated with virulent B. Icpisepticnm 24 
hours later. A control injection with the organism was made in the opposite flank. 

In manj"^ animals which showed a strong reaction to egg protein, there appeared 
a large red lesion which spread to the margins of the reacting area but never 
bej'^ond. The control sites were always small red papules or pustules which never 
attained a comparable size and healed rapidly'. (See Table IV.) 

The importance of this is obvious in explaining the development and 
persistence of local lesions in individuals having a high humoral im- 
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m nni ty. On the one hand the cells locally may become so altered 
that the immune bodies of the blood do not penetrate into the lesion 
or, on the other hand, the cells are so injured that the immune bodies 
no longer exert the usual protecting mechanism. In animals which 
did not react strongly to the egg there was quite the opposite effect. 
The lesions were actually smaller than in the controls and healed 
more rapidly. 


TABLE V 


Infection by B. hpisepiicum of Areas of Skin Reading to Egg into Which Bacterial 
Immune Serum Injected Mixed vnth the Egg Antigen 


Rabbit number 

Amount of cRg 
protein in skin 

c te 

5 te 

5 

Xi •• 

c*S 

11 

<: 

Intensity of stin re- 
activity to egg 
scram imxtnre (after 
24 bours) 

Infection in ess reacting 
ate (after 24 hours) 

Control ir^ection^ 
into normal skin of anima 
(after 24 bours) 

4-28 

cc, 

0.3 

cc. 

1 

Marked 

Mod. 6.5 X 5.5 cm. 

Small 

2.5 X 2.5 cm. 

4-30 

0.3 

0.2 

Mod. oedema 

Mod. 4 X 3.5 cm. 

Small 

1x1 cm. 

4-22 

0.3 

2 

Marked oedema 

Large ne- 7x5 cm. 

Small 

2.5 X 1.5 cm. 

4-33 

0.3 

0.2 

Slight 

erotic 

Small 1x1 cm. : 

Small 

U X 1.5 cm. 

4-25 

0.3 

0.4 

Marked oedema 

Large 9.5 x 5 cm. I 

Small 

2.5 X 2.5 cm. 

4-44 

0.3 

4 

Marked 

Large 8x5 cm. 

Mod. 

3 X 2.5 cm. 


Controls Using N ormal Serum Mixed urith Egg 


4-29 


0.1 

Marked j 

Large ne- 7.5 x 5 cm. 
erotic 

Small 

2.5 X 2 cm. 

4-35 

0.3 

0.2 

Slight j 

Small 2.5 x 2.5 cm. 

Small 

1x1 cm. 

4-24 

■If 

0.2 

Moderate 

Large 8 1 5.5 cm. 

Small 

2-5 X 2.5 cm. 

4-26 

1 0.3 

0.4 

Moderate 

Large 6.5 i 5.5 cm. 

Small 

1.5 X 1 cm 


II. htjcdiou of Egg-Rcacting Sites into Which Immune Scrum Is 
Injected Simultaneously 'unth the Egg Antigen 

Xormal rabbits sensitized to egg ■were given intradermally 0.3 cc. of egg solution 
mi.\cd with varadng amounts of immune scrum of recognized potency. 24 hours 
later a large reacting area was found which was identical to that produced by egg 
alone, though perhaps somewhat larger and redder. \3'hen such an area was 
injected with B. lep:sepUcum the spread was just as rapid and necrosis just as 
extensive as in the animals reccisdng egg alone, or in the controls rccei\dng normal 
scrum mixed with the egg. (See Fig. 2 and Table V.) 
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From this experiment it is obvious that either, (1) the immune serum 
has diffused out of the lesion or, (2) has been denatured in some way 
or, (3) the cells have been so injured that they no longer profit by its 
presence. The latter h}^othesis can be excluded by the next experi- 
ment. 

III. Infection of Egg-Reacting Sites When Immune Scrum and Organ- 

isms Are Injected Simultaneously 

Normal rabbits were sensitized to egg as outlined above. Reacting areas were 
produced by injecting 0.3 cc. of egg intradermallj\ These wheals were injected 
with B. lepiseptiewn with which was mixed 0.1 or 0.2 cc. of immune serum. 
The local protection was striking. No lesion developed in the region of the in- 
jection, but when the dose of serum was small and the infecting dose of organ- 
isms large, the infection appeared at the periphery of the egg-reacting site where 
there were necrosis and other manifestations of infection. (See Fig. 3 .) 

It is evident that immune serum, if present, is a potent protective 
agent, even in the presence of injured cells. This serum seems more 
accessible to the injured cells of this type of lesion when injected into 
the tissues than when supplied through the general circulation. 
Normal serum has no effect when injected with the bacteria. 

IV. Infection of Egg-Reacting Sites Which Are Induced by Injecting 

Bacterial Immune Serum with the Egg A?itigen and in Which Normal 

Serum Is Injected with the Infecting Organisms 

It seemed conceivable that the immune serum present during the 
antigen antibody reaction plight be altered but not destroyed, and the 
following experiment has been devised to learn whether the immune 
serum could be reactivated by normal serum which itself has no 
protective value. 

Nonnal rabbits were sensisized to egg and the usual h 3 ^ersensitive reaction was 
induced by injecting intradermally 0.2 cc. of egg solution mixed with 0.5 cc. of 
immune serum on each side of the animal. 24 hours later the areas were injected 
with B. lepiseptiewn and, in addition, normal serum was injected into the reacting 
area, sometimes into the same site as the organisms, sometimes in another part of 
the wheal. The other side was infected with an equal dose of organisms but no 
normal serum was added. There was striking protection in the area receiving 
the normal serum, while the area receiving onlj’^ bacteria showed the usual fulminat- 
ing lesion. 



Whenh Induml in Both Flanks of Egs-Scnsitizal Rabbits by Injecting a Mixture of Egg 
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,•1 cc. im- reaction reaction rabbit scrum lesion, 9.SxS cm. 

inline fcniin 

,2cc, cpK Scvcrchcm- O.-i Small, pale, healing. Moderate 0. A 'cc. heated Large spreading necrotic 
, l cc. im- orrliagic (Guinea-pig 3.Sx3.Scm. reaction guinea-pig lesion, ll.S x 4 cm. 

mime .serum scrum) ' scrum 
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Tliis experiment indicates the reactivation of the inert immune 
serum b}'- normal serum. Experiments in a small series of animals 
indicate that the restoration of activity to the immune serum is due to 
the addition of complement or some other thermolabile substance. 

Animals sensitized to egg were injected with 0.2 cc. of egg and 0.4 cc. of immune 
serum into the skin of both flanks. 24 hours later the wheals on each side were 
infected with equal doses of B. Icpiscplicttin. At the same time 0.2 cc. to 0.4 cc. 
of fresh normal rabbit or guinea-pig serum was injected into one wheal while a 
similar amount of the same serum heated at 60° for 20 minutes was injected into 
the opposite wheal. Within 24 hours the wheal receiving the heated normal 
serum showed an extensive necrotic infection, while the wheal receiving the 
unheated normal serum showed definite evidence of healing. (See Table \T and 
Fig. 4.) 

Further study is being made of the nature of this phenomenon and 
the indications are that some complement-like substance is used up in 
the egg-antibody reaction. Such a substance is probably necessary 
for the effective utilization by the cells of the immune serum which is 
present in the lesion but is inert. 

DISCUSSION 

It has been demonstrated in the preceding experiments that exten- 
sive tissue injury, due either to chemicals or to an intense antigen- 
antibody reaction allows patliogenic bacteria to disseminate with 
remarkable rapidity. This is observed even in animals with high 
humoral immunity though in such animals infection does not usually 
extend beyond the injured tissues. Such a mechanism of previous 
injury may be of importance in explaining the rapid development and 
persistence of large, local infections even in the presence of a high 
degree of humoral immunity. 

Certain of the actions of immune serum in focal infection seem clear 
from these experiments. When preliminary injury is intense the 
tissues involved seem to become segregated from the body as a whole, 
so that circulating immune substances do not reach the cells of this 
portion in spite of the marked h3rperaemia. In areas thus isolated 
pathogenic organisms may thrive and destroy the unprotected tissues. 
However, the cells outside, abundantly supplied with circulating anti- 
bodies, withstand the processes of infection as do the wandering cells 
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entering the lesion. Hence, in the immune animal the lesion fails to 
spread, exudate from it is more purulent in character and repair 
proceeds more efficiently. On the other hand when the local damage 
is slight, no such tissue segregation occurs. The supply of immime 
substances may be actually increased by the irritant. In such cases 
healing begins almost at once. 

In the type of injury produced by a local antigen-antibody reaction, 
a segregation of the area is also striking. But an additional factor is 
introduced which lowers resistance, for bacterial immime serum pres- 
ent during the reaction fails to exert a protective influence unless 
unheated complement is added. This using up of a complementary' 
substance perhaps demonstrates a mechanism by which specific im- 
mune processes may be disturbed in disease. In addition, one would 
not expect the administration of therapeutic serum intravenously to 
be effective against such a segregated lesion. 

In the absence of specific immune substances, it is important to the 
host to restrict the invading organisms to a localised area. It has 
long been assumed that the allergic animal is better equipped mth such 
a localizing mechanism. In Table I it is seen that strong reactors 
ivithstand infection better than weak reactors. If, however, a large 
lesion develops the animal quickly loses its skin reacti\nty and the 
infection spreads just as actively as in the weak reactor. Further- 
more, the allergic reaction may be so severe and the local damage so 
great that the inflammatory zone becomes analagous to the wheal of an 
antigen-antibody' reaction and the infection instead of being restrained 
spreads with great rapidity'. 

It must also be emphasized that allergy is not the only tissue factor 
to be considered in localizing infections. Our obsen'ations on B. 
kpiscpiicum quite .confirm Rich’s (10) findings with the tubercle 
bacillus that localization of the lesion often depends upon an intrinsic 
immunity of the cells against the injurious effects of infection. This 
may be easily demonstrated by the fact that a temporarily desensi- 
tized allergic animal without demonstrable humoral immunity may 
possess the capacity to restrain the spread of an infecting organism. 

In spite of these variations in the influence of allergy on the course of 
infection our observations lead us to the belief that allergy is more 
than a “concomitant phenomenon” of the tissue immune state, and a 
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number of facts regarding the tissue reactions in an allergic animal can 
be cited which tend to confirm this view. 

1. It has been shown that mild irritants such as broth filtrates when injected 
several hours previous to infection tend to protect locally even in the absence of 
general immunity. This preliminarj'' inflammation is seldom comparable in 
extent and intensity, or in the amount of oedema observed in the wheals produced 
by egg in the sensitized animal, or in the lesion produced by chemical irritants. 

2. Within a few minutes after the introduction of a mild irritant into the skin of 
a strong reactor the endothelial cells of the area become highly permeable on the 
vessel lumen side as is illustrated by injecting India ink intravenously during the 
first few minutes of the reaction and noting the phagocytosis of ink by the vascular 
endothelium. Negative reactors practicall}’- never show this phenomenon (11). 

3. A few hours after injection into the skin of a bacterial filtrate to w'hich the 
animal responds, the endothelial cells undergo a peculiar alteration so that if 
homologous filtrates or certain heterologous bacterial filtrates are injected intra- 
venously, a hemorrhagic necrosis occurs at the site of skin injection. After an 
animal develops humoral immunity this phenomenon no longer takes place (12, 
13). If, however, the homologous filtrate is injected into the site of the skin test 
no hemorrhagic necrosis occurs. On the contrary, an accelerated skin reaction 
develops in which redness and swelling appears within a few hours and begins 
fading many hours before a control test in a normal area of skin. 

These observations make us believe that the endothelial cells of a 
strong reactor are exceedingly sensitive to products of certain bacteria 
and that within a relatively short time they become, on the tissue side, 
impervious to these products, perhaps through some protoplasmic alter- 
ation. Such stimulated cells are not readily destroyed by the prod- 
ucts of infection present in the tissues but may be seriously changed if 
such products are absorbed and reach them through the medium of the 
vascular system which would be analogous to the hemorrhagic necrosis 
following the intravenous injection of filtrate. Clinically such, 
lesions are not uncommon during the course of severe infections. 

CONCLUSIONS 

1. Animals showing natural bacterial allergy to filtrates of B. lepi- 
septicim survive infection by this organism more frequently than 
weak reactors. This increased resistance is manifested by better 
localization of infection. 

2. Bacterial filtrates injected into skin 24 hours before infection 
exert a non-specific protection of that area against the organism, even 
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in susceptible animals . The cells of this protected area seldom imdergo 
necrosis when infected. 

3. Severe injury of tissues either by chemicals or an antigen-anti- 
body reaction produces a loss of local resistance even in immune 
animals. Mild injmies have the opposite effect. It is believed that 
in cases of severe injury, the affected areas imdergo a segregation from 
the circulating antibodies. 

4. When bacterial immune serum is injected vdth a protein antigen 
into the skin of a sensitized animal,' a local alteration occurs in which 
substances necessary for the effective action of the immune serum are 
destroyed. 

5. A protective action is restored to the altered immune serum by 
addition of complement to the lesion. 

6. It is felt that allergy is not the chief mechanism in cellular 
resistance to infection, however data are advanced which suggest that 
allergy does exert local protection by acceleration of the immune 
processes and by rendering the cells locally refractory to further 
injury. 

7. Chronic infection by a single strain of organism excites cellular 
reactivity to many strains of bacteria often unrelated biologically. 
Hence a non-specific mechanism for localizing infections throughout 
the body may be induced, 
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EXPLANATION OF PLATES ^ 

Plate 18 

Fig. 1. No. 4-26. Animal sensitized to egg. \^Tieal induced with 0.3 cc, egg 
protein 24 hours before infection in it and in a control site of normal skin. Draw- 
ing, made 24 hours after infection, shows relative size of lesion. 

Fig. 2. No, 4-25. Animal sensitized to egg. Wheal induced by injecting a 
mixture composed of 0.3 cc. of egg protein and 0.4 cc. B. Icpiscpiicum immune 
serum. Infected 24 hours later. Drawing, made 24 hours after infection, shows 
huge infection in spite of immune serum. 

Plate 19 

Fig. 3. No. 4-27. \\Tieal induced as in Fig. 1. B. Icpiscpiicum immune serum 
0.2 cc. injected into wheal at X with infecting bacteria. Drawing, made 24 hours 
after infection, shows striking protection of the portion of the wheal receiving 
immune serum. 

Fig. 4. No. 4-74, Alay 24, 930. WTieals induced in both flanks b}' injecting 
0.2 cc. egg and 0.04 cc. bacterial immune serum in sensitized animal. Infected 24 
hours later with equal dose of bacteria, but in one site 0.4 cc. normal rabbit serum 
was injected with organisms; in the other an equal amount of rabbit serum heated 
60° for 20 minutes. 



THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 52 


PLATE 18 


Con-t-rol eite- 







THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 52 


PLATE 19 


Control pite 






I 

Normal ^ 

rabbit 
scrum _r 


/ 



'-r. I- 


(H:r 




HOST FACTORS IN THE PATHOGENESIS OF PNEUMO- 
COCCUS PNEUMONIA 


I. The Reaction of the Lungs to PivEuhococcos 
Ahtoeysate tn Sensitized Rabbits 

By EZRA A. SHARP,* IkI.D. and FRANCIS G. BLAKE, M.D. 
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New Eaveti) 

Plate 20 

(Received for publication, June 16, 1930) 

Allergy or hypersensitiveness to bacterial products is believed to be 
an important factor in modifying the reaction of the host to many 
infectious diseases. The localization of the antigen by a prompt 
inflammatory response in the allergic host has been considered by 
some as evidence that allergy is an expression of partial immunity, 
by others that it is one of increased susceptibility. To what e.xtent 
this phenomenon may play a part in the pathogenesis and clinical 
course of pneumococcus pneumonia in man is unknown but has seemed 
worthy of study. The present investigation was consequently under- 
taken to observe the response of the lung to pneumococcus antigen in 
animals previousl}’’ rendered h5q5ersensitive to the pneumococcus. 
No attempt has been made to answer the question whether the allergic 
state is beneficial or harmful. 

The c-xistcnce of allcrgj’ in man to pneumococcus is suggested by the local reac- 
tions obtained in many human beings -when \'arious fractions or products of the 
pneumococcus arc injected intradcrmally (1, 2, 3, 4, 5, 0, 7), and by the rapid 
development of the pathological lesion of pneumococcus pneumonia v.-ith its 
characteristic diffuse e-vudate. Lauchc (8), in fact, largely on clinical and theo- 
retical grounds, has strongly ad\-ocatcd thewew that h>'perscnsilivcncss p!a>'s an 
important r61c in the pathogenesis of lobar pneumonia, though presenting no 
direct c.\pcrimcntal observations in support of this conception. 


* Alexander Bro'svn Coxc Memorial Fellow, Vale University, School of Medicine. 
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In contrast with man, 3 "Oung rabbits are rarely skin reactive to pneumococcus 
antigen and the intratracheal inoculation of virulent pneumococci in them usuall}'' 
produces a septicemia without pulmonarj' lesions resembling those found in human 
pneumonia. It seems logical, therefore, that the question has been raised whether 
the somewhat peculiar susceptibility of man to pulmonarj’- infection by the 
pneumococcus and his capacity to locah'ze the infection in the lung are related to 
allerg}’- to that bacterium or its products and, if so, whether these characteristics 
are paralleled by cutaneous sensitivity. 

Although e.vperiments on the relationship of general allergy to pulmonary' 
reaction have been reported by Schlecht and Swenker (9), who first sensitized 
guinea pigs to human serum bj'- intraperitoneal inoculation and later caused the 
animals to inhale the same antigen with a resultant e.’cudative inflammation of the 
lungs, comparable experiments with pneumococcus as an antigen have not been 
found in the literature. Wadsworth (10), however, has reported e.xperiments that 
are highl}^ suggestive. He immunized rabbits with bile and saline solutions of 
pneumococci and 2 weeks later was able to produce a diffuse inflammatory re- 
sponse resembling the pneumonia of man b}’^ injecting a -virulent culture intra- 
tracheally. In repeating this work Earkbride (11) assumed, but did not demon- 
strate the e.xistence of sensitivit}'- at the lime of the intratracheal injection and, 
furthermore, she found the pathological picture confused b)"- pulmonarj’- infections 
caused by B. lepiscplictm or B. bronchiscpHcm, She concluded “tliat the develop- 
ment of the diffuse exudative reaction in the lung is not due to an acquired h}’per- 
susceptibility but to intrinsic qualities possessed bj’ the pneumococcus itself." 

Experimental Procedure 

Some of the conditions found in human beings can be simulated 
experimentally in animals by first making animals skin sensitive to 
pneumococcus antigen and then introducing tlie same antigen into 
the lungs of the sensitized animals. Inasmuch as the histological 
picture produced locally in a sensitized skin by the inoculation of 
antigen is accepted to be a true inflammatory process, one might 
expect the capillary bed of the lungs in the sensitized animal to 
respond as the capillary vessels of its skin, namely, by the outpouring 
of an exudate. In addition, if an inflammatory condition in the lungs 
could be produced by a sterile isotonic solution of pneumococci, harm- 
less to normal non-sensitive animals, the result -would appear to be of 
more significance than if lixdng organisms were used, since many of the 
experimental diflSculties associated with the use of whole organisms, 
whether living or dead, would be avoided. Consequently rabbits were 
sensitized to pneumococcus by several methods and their degree of 
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sensitivity determined at frequent inter^'als by intracutaneous injec- 
tions of pneumococcus autolysates. At various intervals ranging from 
15 to 62 days after the first sensitizing injection an intratracbeal injec- 
tion of autolysate was given to each rabbit. Twenty-four hours later 
the animal was killed and the lungs were examined for evidence of 
inflammation. Yotmg white rabbits weighing between 700 and 1200 
gm. were employed. 

Preparation of Autolysates . — Saline autolysates were chosen because it has 
been shown (12) that they cause a more clear-cut reaction than a solution of 
pneumococci in bile or the whole bacteria, because the use of whole bacteria for 
lung injections might confuse the pathological picture by evoking a foreign body 
response, and because the errors of time and quantity attendant upon h'sis in 
vivo could be eliminated. 

Typell pneumococci of known virulence were used in preparing the autol}"sates. 
In most instances an avirulent strain which had been derived from a virulent T>T3e 
n strain by growth in homologous immime serum was employed. This attenu- 
ated Type n pneumococcus was an intermediate between the true \irulent S form 
and the avirulent R form, since it grew in small smooth colonies on blood agar but 
nevertheless showed agglutination reactions similar to those of rough pneumococci. 
In the concentrated autolysates prepared from it, the type specific soluble sub- 
stance was demonstrated to be present by the predpitin reaction, but only in very 
small amount. In a few instances a highly wrulent smooth strain was employed. 
The pneumococci were grown in bufi'ered, 0.5 per cent dextrose, meat infusion 
broth for 6 to 7 hours at 37°C. The growth was then centrifuged and washed 
twice with saline. The bacterial sediment from 100 cc. of broth culture was sus- 
pended in 1 cc. of saUne and was allowed to autolyze aerobically at 37°C. for 5 
days. At the end of this period the tubes contained a milky material, which was 
sterile. Gram’s strain showed only Gram negative amorphous debris. The pH 
of these solutions ranged from 5.4 to 5.8. Tenth normal sodium hydroxide was 
added to obtain a pH of 7.2 to 7.4. The whole mixture was centrifuged until the 
supernatant fluid became water clear, and the latter was then bottled without 
presen-atives. Cheimcal tests on this solution showed a positive Biuret and a 
faint cloud with trichloracetic acid. The presence of pneumococcus protein and 
the U'pe specific pohsaccharide was demonstrated by the predpitin test (13). 

\\ ith the autolysates made from cither the a^rulent or \’iru!ent T^q^c II pneu- 
mococcus, none of the primaiy- toric skin reactions were obEcr\'cd. The hemotoxin 
described by Cole (14), and the necrosis produdng factor described by Barker (15), 
had probably been eliminated by the 5 day period of autolysis at 37"C. under 
aerobic conditions. Xeverthdess, in order to avoid any possibility of error arising 
from the presence of these toxic products, the autolysates were healed at OO'C. 
for 30 minutes, since it has been shown that the hemotoxin and the nccrotiaing 
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fraction are thermolabile. _ The purpura producing principle described by Julianelle 
and Reimann (16) may possibly have been present, but since no purpuric lesions 
were noted in the skin or lungs of non-sensitized rabbits and none in the lungs of 
sensitive rabbits there is no reason to suppose that, if present, it played anj-^ part 
in the results. 

Standardization of Antolysates . — The autolysates u'ere standardized on the basis 
of total nitrogen content, which varied from 150 mg. to 34 mg. per 100 cc. in 
different lots. Preliminary intradermal tests with an autolj'sate made from the 
avirulent pneumococcus and containing 125 mg. of nitrogen per 100 cc. gave a 
satisfactor}'- range of intensit}'’ of skin responses from intradermal injections of 
0.2 cc. (0.25 mg. N). Consequent!}’’ that volume of each autolysate which con- 
tained 0.25 mg. of nitrogen was fi.ved as the unit skin test dose. It was found, 
however, that autolysates prepared from the virulent S strain of Tj’pe II pneumo- 
coccus and containing large amounts of soluble polj’saccharide, required slightly 
less volume to elicit a reaction like the response from the standard injection unit 
than would have been expected on the basis of nitrogen content. It was inferred 
from this that some of the local inflammatorj’’ response might be caused b}’’ the 
specific polysaccharide. This factor in the case of autolysates prepared from 
virulent pneumococci was controlled by using a volume whicli was shown by actual 
inoculation tests to cause tlie same intensity of skin reaction as that caused by the 
standard dose of autolysate prepared from the avirulent organism. 

Methods of Sensitization . — Various methods of sensitization were used and the 
animals are grouped accordingly. The details showing the number and spacing 
of injections for each rabbit are presented in Table I. 

Group 1. Three rabbits (Nos. 6A, 7A, and lOA) received only intradermal injec- 
tions of 0.2 cc. of avirulent T 3 ’pe II autol 3 'sate every third or fourth da}'^ for var 3 dng 
periods before intratracheal injection. These injections also served for the tests 
of cutaneous sensitivity. 

Group 2. Five rabbits (Nos. IB, 4B, 5B, 12B, and 14B) received intravenous 
injections of 0.2 cc. of a'virulent T 3 'pe II autol 3 'sate ever}’’ 3 or 4 da 3 ^s for var 3 dng 
periods and in addition 0.2 cc. of the same autolysate intradermall}' for skin tests 
24 hours before each intravenous injection. 

Group 3. Four rabbits (Nos. 4C, 7C, 8C, and IIC) were treated with whole 
a’virulent intermediate Type II pneumococci. Each received a single subcu- 
taneous injecton of killed organisms, the dose in each instance being the growth 
from 50 cc. of a 6 hour 0.5 per cent dextrose infusion broth culture. In addition. 
Nos. 4C and 8C each received three intradermal skin-test injections of avirulent 
Type II autolysate. No. 7CsLx intradermal tests and No. IIC, five. 

Group 4. Two rabbits received intravenous injection of a’virulent Type H 
pneumococci. Rabbit 5C was given four injections, the first being of killed 
organisms, the other three of live organisms. The doses were the growth from 5 
cc., 5 cc., 7 cc. and 7 cc., respectively of a 6 hour 0.5 per cent dextrose, infusion 
broth culture. Rabbit 4E received two injections of killed bacteria, each dose 
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being the growth from 10 cc. of broth culture. In addition No. 5C received seven 
intradermal tests with avirulent Tj’pe 11 autolysate. No. 4E, six. 

Group 5. Four rabbits (Nos. 3F, 5F, 2G, and 6G) were sensitized bj- a single 
intravenous injection of killed virulent T 3 ’pe 11 pneiunococci, the dose in each 
case being the growth from 5 cc. of broth culture. The 3 ' were skin tested with 
autolysate at 3 to 5 da 3 ' inter\'als over a period of 43 da 3 's in the case of No. 3F, 
51 da 3 's in the case of No. 5F, 43 da 3 -s in the case of No. 2G, and 54 da 3 -s in the 
case of No. 6G. 

Group 6. Two rabbits (Nos. IK and 2K) were sensitized, each b 3 ' a single 
intravenous injection of killed avirulent, rough, T 3 -pe I pneumococci. The 
sensitizing dose consisted of the growth from 5 cc. of broth cultiue. Skin tests 
with avirulent T 3 ’pe 11 autol 3 -sate were done at 3 to 5 da 3 ' intervals over a period of 
45 da 3 's in each case. 

Skin Tests . — The skin tests for sensitivity to pneumococcus were made b 3 ' intra- 
dennal injection of the standard dose of autol 3 ’sate in the skin of the flanks which 
had been shaved 48 hours previous^. The da 3 ’s on which the skin tests were 
made and the degree of reaction exhibited at each test are shown for each rabbit in 
Table I. The reactions in sensitive animals appeared in 4 to 8 hours. Positive 
reactions consisted of local areas of er 3 ’thema and edema which increased to a 
raa.ximum size in 18 to 24 hoius. Neither induration nor nodule formation nor the 
“seconaary reaction” of Andrewes, Derick and Swift (17) were seen. Four 
degrees of intensit 3 ’’ were recorded: 

1. Slight (i). Er 3 ’thema faint but definite. Edema very Ecant 3 ’ or absent. 
Measurements taken in the short and long diameters showed extreme readings of 
1x1 cm. and 6x2 cm. 

2. Moderate (+). Er 3 -thema deeper. Definite edema present. Lesions on 
the average somewhat larger than in 1. Size varied between 1.5 x 2 cm. and 6 x 
3 cm., the average being 2x3 cm. 

3. Marked (db±). Er 3 'thema quite intense. Edema considerable. Average 
size about 3x4 cm. 

4. Maximum (++). Ver 3 - intense erythema, sometimes purpuric. Edema 
e.xtensive with sagging skin. The lesions often required 72 hours to subside and 
superficial desquamation of the skin resulted frequcntl 3 '. No ulceration. 

.Mthough no gross necrosis with ulcer formation was noted, it is conceivable that 
the extreme reaction of tissue injury- which has been reported b 3 - others (12) 
might have resulted from the use of a more concentrated autolysate. The skin 
test unit which was adopted for this stud 3 - permitted a comparison of degrees of 
reactivit 3 -, and for that reason was considered most satisfactory. 

lulratraclical Injcctiotts. — Twent3- sensitized rabbits and seven non-ser.sitive 
normal controls were injected intratrachealh- with clear sterile isotonic pneumo- 
coccus T3-pe II autoh'sates of standard nitrogen \-alue. .^s shown in Table I, 
the injections were alwa3-s made the 633- following a skin test in order to correlate 
the results as ncarl3- as p)Ossible with the just determined skin se.asitivc.-'.css of the 
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animal. The rabbits were prepared by shaving the neck and sterilizing the skin. 
A hj’podermic needle was inserted between the rings of the tracheal cartilages and 
the autol 3 'sate was injected slowlj’’ while the animal was held with the fore part of 
the body slightl}’^ elevated. After completion of the injection the animal was kept 
with fore part elevated for 2 minutes. A standard volume of 5 cc. of saline was 
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used and each dose contained 1 to 1.5 mg. of total nitrogen. E.xcept for a variable 
amount of coughing, no s 3 Tnptoms were shown by the rabbits. 

Exa7mnaiio}i of the Lungs . — The animals were killed 24 hours after intratracheal 
injection b 3 ’- inserting a needle through the cisterna magna into the base of the 
brain. This procedure was rapid and avoided the errors of technique which 



EZRA A. SHARP AND FRANCIS G. BLARE 


507 


etherization or air embolus entail. The chest was opened aseptically. One half 
of the right lung was excised and cultured in broth and on a blood agar plate. An 
injection of Zenker’s formol solution was made in silu to preser^x the contour and 
to prevent atelectasis. Histological sections were prepared and stained with 
hemotox>'lin and eosin, Mallor>’’s connective tissue stain, and MacCaUum’s 



modification of Goodpasture’s bacterial stain. Grossly, no significant changes 
were ob5er\-ed on the surfaces, and sections of the fresh lung were not made. The 
cultures were sterile c.tccpt in three cases. In two rabbits, Nos. 5F and tG, whose 
lungs showed no acute infiammatoiy reaction, D. i-ror.d:::'l^;icus was found; in a 
third rabbit. No. oF, whose lung showed a pleural scar, U. was present. 
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but the pathological picture showed an acute exudate in the alveoli which was 
unlike the usual response to B. Icpiscplicim. Nevertheless, because of the presence 
of the bacteria, the results from this rabbit may be of doubtful significance. 

Experimental Results 

Cutaneous Sensitivity . — The course and degree of cutaneous sensi- 
tiveness to pneumococcus autolysate exhibited by each rabbit are 
shown in Table I. It will be noted in the first place that of the 20 
rabbits, 9 showed no reaction on preliminary test, 7 showed a slight 
(=b) reaction, and 4 showed a moderate (+) reaction; in the second 
place, that all but two rabbits (Nos. 6A and SC'') exliibited moderate 
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Text-Fig. 1. The effect of existing h>T)ersensitiveness on the course of cutaneous 
sensitivity to pneumococcus autofi^sate. Unbroken line, initially non-sensitive 
rabbits; broken line, initially sensitive rabbits. 

to very marked cutaneous reactivity at some time subsequently during 
the course of the experiment; in the third place, that the course of the 
sensitiveness in general was wavelike in character with a markedly 
positive phase during the first 2 to 3 weeks, a negative or only slightly 
positive phase, beginning in the third and running through the fourth 
into the fifth week with the return of a strongly positive phase in the 
sixth and seventh weeks; and lastly, that in spite of the general trend 
there was marked individual variation both in the degree and the 
course of sensitivity irrespective of the method of sensitization. Only 

8C was not tested during the first 20 daj’s and would probably have reacted 
during this period. 
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one obvious factor would appear to have exerted any significant effect 
on the course of events, namely, the initial state of sensitivity as 
determined by the preliminary skin test. 

This is brought out in Text-fig. 1 in which it will be seen that the 
originally non-sensitive rabbits responded more slowly and less 
markedly during the first period of increased sensitivity than the 
originally sensitive rabbits. Subsequent to this, however, no signifi- 
cant differences between the two groups are apparent. Further dis- 
cussion of the course and degree of cutaneous reaction in rabbits 
sensitized to the pneumococcus is not pertinent here and would obvi- 
ously be of no significance in view of the marked individual variation 
exhibited and the small group of animals studied. It will consequently 
be reserved for a subsequent paper in which the results obtained in a 
larger series of rabbits will be presented. 

Pulmonary Reaction . — ^An acute exudative inflammation of the 
lungs was found in a considerable number of the sensitized rabbits 
following the intratracheal injection of sterile pneumococcus autoly- 
sate (Table I). Histological examination showed that the exudate 
consisted largely of polymorphonuclear leukocytes and serum. Fibrin 
was not conspicuous and there was no necrosis nor hemorrhage. The 
extent of the inflammation varied considerably and may be dimded 
into four degrees, as follows: (1) slight (±), denoting small focal 
areas of inflammation consisting of a polymorphonuclear leukocytic 
e.xudate lining some of the bronchioles and a thin layer of leukocytes 
and serum in the adjacent alveoli; (2) moderate (+), denoting a more 
extensive involvement with focal areas of exudate in the bronchioles 
and alveoli; (3) marked (±±), denoting a still more e.xtensiv'e in- 
volvement ■R'ith confluent areas of serous and cellular alveolar exu- 
date; (4) maximum ( -f -f), denoting involvement of about one-quarter 
of the total lung mth peribronchial, bronchiolar, and alveolar exudate 
of leukocytes and serum (Figs. 1 and 2). 

Ihe cultures of the lung made at autopsy were sterile in all but 
one (No. 3F) of the rabbits which showed an acute inflammation of 
the lungs, so that an e.xisting infection would appear to be excluded as 
a cause of the acute lesion found in the sensitized animals. Furtlier- 
morc, the pulmonarj" infections due to B. bror.chiscpUcus or B. Upi- 
scpt'.cum have been shown (IS) to consist of a more destructive lesion 
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than that encountered here. Rarely an associated fibrotic lesion of 
the pleura was present. Obviously a lesion of this character could not 


TABLE II 


Relation of Pulmonary Reaction to Cutaneous Sensitivity 
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— = no reaction; ± = slight reaction; + = moderate reaction; rfc± = 
marked reaction ; + + = maximum reaction. 

t l^Iuch of the autoljfsate did not reach the lungs but was found at autopsy 
to have been injected into the peritracheal tissues. 


be considered a part of the acute response. A careful examination of 
the lungs of many uninoculated rabbits often showed pleural and sub- 
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pleural interstitial thickening which was interpreted to be the result 
of a previous injury. This type of lesion was easily distinguishable 
from the acute exudative inflammation found in the sensitized rabbits. 
With Mallory’s connective tissue stain these lesions showed strands of 
fibrous tissue, a feature which was never present in the acute lesions. 

Relation of Pulmonary Reaction to Cutaneous Sensitivity . — The 
relationship between the cutaneous sensitivity of the rabbits and their 
pulmonary response to pneumococcus autolysate is shown in Table II 
in which the animals have been regrouped according to the degree of 
cutaneous reactivity exhibited at the time of the intratracheal in- 
jection. 

Group 1 consists of 7 non-sensitized normal controls whose skin tests with 
pneumococcus autolysate were negative. None of these rabbits showed any 
pulmonary reaction following intratracheal injection of the autolysate 

Group 2 includes three rabbits which showed negative skin tests at the time of 
intratracheal injection. One of these, No. 12B, had previously been skin-sensitive 
but was in a negative phase at the time of the intratracheal injection. Another, 
No. 8C, was initially moderately skin sensitive but the only two subsequent tests 
made were negative. The third, No. 6A, had failed to become reactive at any 
time, although eight intradermal injections of autolysate had been given over a 
period of 28 days. None of these animals showed any pulmonary' reactions. 

Group 3 consists of three rabbits, Nos. IB, 4B, and 7C, which showed slightly 
positive skin reactions at the time of intratracheal injection. None of thrse rabbits 
had become highly skin sensitive in response to the sensitizing injections and none 
had a detectable pulmonary reaction when killed 24 hours after intratracheal 
injection. 

Group 4 includes but one rabbit. No. 4C. This animal showed moderate sldn 
reactivity and a slight, but deSnitc pulmonary response to the pneumococcus 
autolysate. 

Group 5 includes seven rabbits which had marked cutaneous reactions at the 
time of intratracheal injection. All but two of these showed an acute exudative 
inflammation in the lungs, slight in two, moderate in two, and marked in one. 

Group 6 contains five animals which showed c.xtrcme sldn reactivity. Four of 
these showed acute inflammation in the lungs. No. lOA was negative; Nos. 4E 
and IK showed slight but definite reactions; Nos. I4B and 2K showed the maxi- 
mum degree of inflammation. 

Rabbit jF, although markedly skin sensitive and shor%"ing an acute exudation in 
the lungs has been c.xcluded from the above tabulation because the culture yielded 
B. Icphepticuv.. 
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As may be seen from Table II, the results from intratracheal injec- 
tion of pneumococcus autolysate in skin-sensitive rabbits in general 
parallel the degree of skin reactivit}'^ to the same antigen. In none of 
the 10 rabbits in which the skin ivas not reactive, whether non-sensi- 
tized controls or sensitized rabbits in a negative phase of cutaneous 
reactivity did the lungs show any pulmonary response when pneumo- 
coccus autolysate was brought into contact with the pulmonary 
tissues. Similarly, in none of the three slightly skin-sensitive rabbits 
did the lungs show any detectable inflammation. On the other hand 
10 of tlie 13 animals showing moderate to extreme cutaneous sensi- 
tiveness showed clear-cut acute exudative inflammation in the lungs. 
The three negative results are not surprising in view of the meclianical 
factors of the experiment. Obviously, tlie technique of intratracheal 
injection lacked the fiine degree of accuracy of the intradermal injec- 
tions in which the dosage and the localization of the autolysate in a 
given skin area were quite definite. In the case of the intratracheal 
injections, there was no certainty that all the injected fluid reached the 
lungs and, granting that it did, other variables such as the greater 
surface area of the intra-alveolar spaces and the possible subsequent 
loss of antigen by coughing may have influenced the result. Because 
of these factors it is not unreasonable to believe that in some instances 
the antigen may not have been in contact with the pulmonary tissue 
for a sufiicient period or that the concentration of antigen may have 
been too weak in any given area to be effective in causing an inflamma- 
tory reaction. From the above considerations, one could expect at 
best only an approximate parallelism between the cutaneous and 
pulmonary reactions. 


DISCUSSION 

The results of the experiments described above indicate that when a 
rabbit is rendered hypersensitive to the pneumococcus, the skin reac- 
tion to pneumococcus autolysate being taken as an index of the hyper- 
sensithuty of the animal, the pulmonary reaction to contact with the 
autol 3 '^sate closely parallels the cutaneous response, being consistently 
negative in non-sensitive and only slightly sensitive animals, usually 
positive in the modeTately to extremely sensitive ones. Although the 
parallelism so far as degree of reaction is concerned is not a strict one m 
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the sensitive group, a result hardlj'- to be expected in a biological 
experiment of this type, the contrast between the non-sensitive and 
the sensitive groups is sufficiently striking to seem significant and to 
leave little doubt that the acute exudative inflammation of the lungs 
in the sensitive animals is dependent upon the allergic state of the 
animal rather than upon any inherently injurious substances in the 
autolysate. 

By the use of whole pneumococcus autolysate devoid of the primary' 
toxic principles so far described, the experiments have been circum- 
scribed so that the results might give an imcomplicated picture of the 
pulmonary reaction which depends upon the allergic state alone. 
Wffiether the pulmonary reaction is due to allergy to pneumococcus 
nucleoprotein, to the specific carbohydrate, or to both, or even to other 
unidentified pneumococcus substances in the autolysate, is not eluci- 
dated, but presiunably might be determined by the use of these sub- 
stances in purified form. 

The bearing of these e.xperiments on the pathogenesis of pneumo- 
coccus pneumonia in man is, of course, problematical, in \'iew of prob- 
able host differences and because live pneumococci, which possess 
properties not present in the autolysate, were not employed for intra- 
tracheal injection. The chief value of introducing active infection in 
e rabbits would have been to acquire data on the possible relation- 
ship of the allergic response to protection, but the conditions would 
ave been so complicated that no assurance that the reaction was due 
to allerg>' would have resulted. 

^ In spite of the difficulties inherent in the transfer of results obtained 
m e.\-perimental animals to conditions in man, it would nevertheless 
seem not improbable that the e.\periments reported above may have 
some significance in human pneumococcus pneumonia. The possi- 
I it}^ that allerg}' plays an important role in the disease has long been 
surmised, and, as mentioned above, has been e.xtensivelv discussed bv 
Lauche (8) whose argents have been summarized by Cole (19) as 
o The facts dted by Lauche in support of this point of vie'.v 

arc (1) that lobar pneumonia does not occur during the first 5 months 
o extra-uterine life; (2) that lobar pneumonia increases in frequency 
uring the first decades until the maximum and constant figures are 
reached, and (3) that the occurrence of lobar pneumonia in tlie new- 
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born has only been observed if the mother is at the same time affected 
with pneumonia. According to this concept the new-born contract 
pneumonia because they have become passively sensitized from the 
mother. As a rule, infants do not acquire tlie disease during the first 
5 months because they have not had an opportunity of being actively 
sensitized. With the widespread distribution of pneumococci, how- 
ever, there are many opportunities for infection and consequent sensi- 
tization during the first decades. Lauche states that the allergic state 
is not a constant one. Like immunity, it is transient and varies in 
degree. In order to develop pneumonia the individual must be in a 
hypersensitive state. If this stage is passed the individual reacts 
normally to infection, for instance, with a coryza.” 

Experimental observations in man bearing on this problem consist 
almost entirely of studies on the cutaneous reactions of man to a 
variety of pneumococcus antigens, both during health and during the 
active and convalescent stages of pneumococcus pneumonia. A 
resume of these observations (1, 2, 3, 4, 5, 6 ) shows, in general, that 
50 to 85 per cent of normal persons have been found to react locally 
to an intracutaneous injection of pneumococcus antigen with the 
“delayed” type of skin reaction, that during the acute stage of pneumo- 
coccus pneiunonia the skin is not reactive to these same antigens, and 
that during convalescence from the disease a large proportion of 
patients sooner or later develop cutaneous sensitiveness. In addition 
Tillett and Francis (7) have recently shown that the reactions of 
convalescents may be separated into two types — (a) an immediate 
wheal and erythema type of reaction in response to intradermal 
injections of the t 3 rpe-specific carbohydrate of the pneumococcus, first 
appearing at or about the time of crisis and (b) a delayed type of 
reaction in response to injections of pneumococcus nucleoprotein, 
usually appearing somewhat later in convalescence. 

Any attempt to harmonize these observations in man with the theory 
set forth by Lauche must presuppose that the sensitive or allergic 
individual who contracts lobar pneumonia becomes rapidly desensi- 
tized, at least so far as the reactive capacity of his skin is concerned, 
during the stage of invasion and onset, presumably through the libera- 
tion of considerable amounts of pneumococcus antigen in the lungs and 
its absorption and distribution to the cutaneous tissues through the 
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circulation. Furthermore, if desensitization does occur, it would seem 
probable that it is a specific desensitization to the pneumococcus rather 
than a general non-specific loss of cutaneous reactivity since Poole, 
Bumstead and Blake (20) have foimd that patients acutel}’- ill with 
lobar pnemnonia, though failing to react to pneumococcus autolysates, 
nevertheless frequently give a positive “delayed” type of reaction in 
response to an intradermal injection of a soluble antigen prepared from 
B. influenzae similar to that exhibited by many normal individuals. 

While the theory discussed above may seem plausible, it cannot be 
accepted as fact at present because an important link in the chain of 
evidence is lacking, namely, observations in man on his sensiti\nt}* to 
pnemnococcus just prior to the onset of pneumonia. It is at this 
portt that the experiments in rabbits here reported may have an 
mportant bearing on the problem, since a h 5 q)ersensitive or allergic 
state in the rabbit was apparently a prerequisite for an acute inflam- 
mator>' response of the lung to a pneumococcus autolysate, harmless in 
itself in the normal or non-sensitive animal. The analog}’’ between the 
conditions in lobar pneumonia in man and those in the experimental 
animals is, however, far from perfect, and the actual state of man’s 
sensitiveness to the pneumococcus prior to the onset of pneumonia 
must be determined before the problem can be further elucidated. 

sdihlary and conclusions 

The present study was undertaken in order to determine whether 
animals e.xhibiting cutaneous h}’per5ensitivene5S to pneumococcus 
would show an acute inflammatory reaction in the lungs when pneu- 
mococcus autolysate was brought into contact ■svith the pulmonar}' 
tissues and, if so, whether the pulmonar}' reaction might be shown to be 
due to the allergic state of the animal, rather than to intrinsic proper- 
ties of the autolysate. Twenty young rabbits were sensitized to 
pneumococcus by various procedures and their degree of In^persensi- 
tiveness determined at frequent inter\-als over vaivang periods of time 
by means of intracutaneous injections of pneumococcus autolysate 
standardized on the basis of nitrogen content and so treated as to be 
de\oid of the knorni toxic prindplcs. Twenty-four hours after the 
last skin test each rabbit was injected inlratracheally ■with the same 
pneumococcus autolysate. Seven non-sensitive controls v.'cre simi- 
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larly injected intratracheally. Twenty-four hours after intratracheal 
injection the rabbits were killed. The lungs were removed, a portion 
was cultured, and the rest was examined liistologicaIl3\ Of tlie twenty 
sensitized rabbits, three that showed no cutaneous sensitivity and 
three that were only slightly skin-sensitive at the time of intratracheal 
injection exhibited no detectable pulmonarj^ reaction to the autolysate; 
eleven of fourteen that showed moderate to extreme cutaneous hyper- 
sensitiveness were found to have an acute exudative inflammation of 
the lungs. The exudate consisted largely of polymorphonuclear 
leukocytes and serum. It varied in extent from a slight focal exudate 
lining the bronchioles and adjacent alveoli to a very marked diffuse 
involvement of considerable portions of the lung. In all but one of , 
the eleven the cultures of the lungs were sterile. The single au' -jist 
showing a positive culture {B. Icpiseplicum) has been excluded. . •• 
of the seven non-sensitive controls showed any pulmonary reaction to 
the autolysate. 

From these results it may be concluded that there is in rabbits a 
fairly close parallelism between cutaneous and pulmonary hj^persensi- 
tiveness to pneumococcus autolysate and that the inflammatory 
response of the pulmonary tissue resulting from contact with the 
autolysate depends upon the allergic state of the animal rather than 
upon inherently injurious substances in the autolysate. The observa- 
tions are in harmony with the theory that allergy may play a part in 
the pathogenesis of pneumococcus pneumonia in man. 
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EXPLANATION OF PLATE 20 

^Figs. 1 and 2. Rabbit 2K. Acute exudative inflammation of lungs 24 hours 
injection of pneumococcus autolysate. 
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The diseased condition of chickens resulting from a lack of vitamin A 
in the diet is probably the most important of the nutritional diseases 
caused by A-avitaminosis in domestic animals. As pointed out by 
Beach (1) and Seifried and Schaaf (2), it causes serious losses on 
poultry farms. The clinical and anatomical picture closely resembles 
that found in some of the most important infectious diseases of fowls, 
chicken pox, coryza contagiosa, and infectious bronchitis. Golblatt 
and Benischek (3), Tyson and Smith (4), and Wolbach and Hov.-e (5) 
have described the histological changes following a lack of Autamin A in 
the diet in guinea pigs, rats, and in one human indi\’idual. The 
characteristic changes are the substitution of stratified keratinizing 
epithelium for normal epithelium in various parts of the respiratory 
tract, alimentary tract, eyes, paraocular glands and the genito- 
urinary tract. No studies have been made of the histological changes 
in A-avitaminosis in fowls. It is the purpose of this paper to report 
such studies and to compare the changes with those found in certain 
infectious diseases. 

Material 

The material used consisted of 16 cases of .'X-avitaminosis, of which 12 were 
produced c-xperimcntally and 4 were spontaneous. The diet employed for the 
experimental production of the disease xvas identical with that used bv Beach and 
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Showing Source and Kind of Material Used 
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by us in our earlier experiments. It consisted of 50 parts wheat bran, 50 parts 
wheat shorts, 50 parts ground barlei'^, 10 parts meat scrap, 10 parts fish scrap, and 
20 parts soybean meal. We used chickens about 3 months old, for according to 
our earlier experiments and in common with other investigators, we have observed 
that a much shorter period is required to produce the characteristic sjTnptoms 
followed by death in young, partially grown animals, than in adults. This is 
brought out in the present experiments in w’hich Chickens 11 and 12 (see Table I) 
that were about 3 months older than the other animals, developed sjTnptoms 
much later and to a minor degree than did the younger ones. To insure the 
presence of ^^tamin D, all animals were exposed daily to sunlight or to ultra\Tolet 
light. The six controls (Nos. 17-24) received the same food mixture and in addi- 
tion plentj^ of greens (alfalfa, cabbage) and 3 cc. of cod liver oil daily given with a 
dropper. All of the controls remained well, failing to show anj"^ gross pathological 
or histological lesions. No sjTnptoms of rickets or of a deficiency of \Ttamin B 
were observed at anj^ time during the e.xperiment. Table I gives all details of the 
experiment together with the gross patliological findings. 

M cthods 

Most of the tissues were fixed in 10 per cent formalin immediately after autopsy, 
but in a few cases Zenker’s fluid was used. The tissues from the nasal passages 
and the sinuses were decalcified, some in 5 per cent nitric acid and some in 5 per 
cent formol-nitric acid. All tissues were imbedded in paraffin, and for special 
piurposes frozen sections were made. For routine stains hemato,xylin and eosin, 
van Gieson’s stain, and Mallory’s methjdene blue phlo-xine, as modified bj’’ Da^^doff 
(6) and McGregor (7), were used. In addition the following stains were used for 
specialpurposes: methylene blue, Gram’s and Giemsa’s stain, — thebest results being 
obtained with the last, with tissues fixed in formalin as well as in Zenker’s fluid, bj’’ 
the modification given by Wolbach, — Weigert’s elastic tissue stain, Weigert’s 
fibrin stain, fat stain with Sudan III and Scharlach R, oxj^dase reaction, the stains 
with methjdgreen-pjaonin and fuchsin-h’ght green, with mucicarmine (Jlaj^er), 
thionin, toluidin, cresjdecht-violette, and Pasini’s method with waterblue-qrcein, 
which gave distinct results in staining the keratohj^alin globules, and finally stains 
with ferric sulfur, calcium permanganate, Congo red (keratinization), and Ham- 
merschmidt’s stain for Guarnieri’s inclusion bodies. . 

[Gross Pathology 

Nasal Passages and Sinuses . — Sagittal and gross sections through 
the nasal cavities and the communicating sinuses show all stages of a 
disturbance of the lining of the nostrils and cleft palate. 

Earlj' in the disease the turbinate bones (concha superior and inferior) are filled 
with seromucoid, water-clear masses, which by the application of slight pressure 
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can be forced out of the nostrils and cleft palate. Owing to the consistency of the 
exudate and the complicated structiu-e of the nasal fossae, the vestibule becomes 
plugged and the exudate overflows into the paranasal sinuses, often early in the 
disease. On the other hand, the exudate may be forced through the cleft palate, 
filling up the region around the vomer with seromucoid masses. Later this 
exudate becomes transformed into white or slightly yellow caseous masses which 
are found between the turbinate bones, in the nasolacrimal duct, nasal vestibule, 
and sinuses, causing more or less swelling of the face (Figs. 1 and 2) . This involve- 
ment of the nasal passages and the sinuses may be uni- or bilateral. If on one side, 
the turbinate bones and the sinuses maj' become so enlarged that they e.xtend over 
the median line and compress the opposite nasal fossa. The characteristic ej'e 
lesions in this disease, which wiU be described in another paper with hi. Westhues, 
are complicated bj' the blocking of the nasolacrimal duct, ^^^len the sinuses are 
completely filled, the bulbus of the eye, which cannot move in a ventral direction, 
is pressed against the os frontale and sometimes forced out in a lateral direction. 
The protrusion of the palate into the cavitj' of the mouth, often obser\'ed in virus- 
diphtheria, is not usually seen in A-avitaminosis. After the inflammatoiy' prod- 
ucts have been removed, the mucous membranes throughout the nasal passages 
and sinuses show a peculiar, thin, rough and drj' membrane, which may also be 
found in the mouth and throat. Unattached masses of white caseous material are 
often present in the cleft palate and in the surrounding mucous membrane of the 
roof of the mouth. 

Larynx and Trachea . — ^Almost regularly in A-avitaminosis of 
chickens marked lesions occur also in the larynx, trachea and bronchi. 
As shown in the table, they are foimd in the earl}’’ as well as in the 
later stages of the disease. 

Chickens 11 and 12 on a diet lacking \'itamin A showed no gross lesions, but 
microscopically early chang<s were found in the glands of the mouth, esophagus 
and trachea. Those in the trachea were apparently the most marked and were 
probably the oldest. The lesions in the trachea have as yet received no attention, 
but we feel that they were of special importance as it is so difficult to distinguish 
them from those commonly found in roup, diphtheria, and infectious tracheitis. 
In addition to the lesions near the entrance of the phaiyux, consisting of pustule- 
like patches which are due to collections of v.-hitc caseous material in the mucous 
glands, glandula cricoarytcnoidca, the pathologico-anatomical picture is character- 
ized by a peculiar laryngitis, tracheitis, and bronchitis. The mucous membrane of 
the anterior end of the larynx on its ventral side and in the pointed angle which is 
formed by the c.artilagcs of the larynx, often shov.-s caseous crumbly white masses. 
Similar lesions arc frequently found throughout the entire length of the trachea and 
often in the bronchi. In very early stages, however, they are much less marlicd 
and m.ay be difficult to sec. The mucous membrane is then covered with a fine 
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film or haze; it is dry, dull, and slightly uneven on the surface, whereas the normal 
membrane is moist. In other cases small nodule-like particles may be visible in or 
beneath the mucous membrane, especially in the upper part of the trachea. In 
later stages the gross lesions are much more striking and ma\’ easilj' be seen with 
the naked eye. More or less thin membranes cover the mucous membrane 
throughout the entire lengtli of the trachea and the bronchi. In most cases these 
membranes are pulled off the underlying mucosa, thus forming a thin-walled con- 
tinuous tube within the trachea and bronchi (Fig. 3 ), a condition that might be 
mistaken for infectious tracheitis. The smaller bronchi very often become com- 
pletely plugged with these membranes causing bronchiectasis. In some cases tlie 
larynx shows the most marked changes while in others the trachea is more involved. 

Eistopathology 

Larynx, Trachea, and Bronchi . — The changes in these structures are 
the more easily understood as the normal anatomy is less complicated 
than in the nasal fossae and adjoining sinuses. 

The first lesion is in the columnar ciliated epithelium and is characterized b}’' an 
atrophy of the cytoplasm and a loss of the cilia. Along with this protoplasmic 
change, the nuclei often present more or less marked kar3mrrhe.xis. The atrophj'- 
ing and degenerating ciliated cells hang like tufts on the basement membrane and 
later are pushed off and may form a pseudomembrane. 

While this process is going on, there appear as islands beneath the original 
epithelium new cylindrical or polygonal cells either singly or in layers. These are 
especially marked in the trachea where they may appear as focal s)Tic3’'tial masses 
(Fig. 4 ) . The cells evidently have their origin in the original columnar epithelium. 
Thej'' differ from the original cells in that their nuclei stain more deeply with basic 
d3’-es, and the presence of numerous mitoses indicates that the3’^ are dividing rapidl3'. 
Mitotic figures are especially numerous in the deeper la3’’ers of this newly formed 
epithelium. As these new cells become more munerous and form la3'ers beneath 
or in place of the original epithelium, the celts nearer the surface are more and more 
flattened, the nuclei become larger and contain less chromatin. Later the super- 
ficial cells are quite flat, the cytoplasm is homogeneous and the nuclei are lost 
(Figs. 5 and 6 ). In this stage the ceU boundaries become less clearl3'^ defined and 
at the surface the cells are desquamated as hard, dr3’', flattened scales. Pasini’s 
waterblue-orcein method shows keratohyalin granules scattered irregularly in the 
cytoplasm of these cells. In the outer la3mrs these granules sometimes fuse and 
form h3’'alin masses of eleidin. The process resembles ver3’’ closel3’^ the incomplete 
keratinization of the mucous membranes, especiaU3’' tliat of the esophagus and 
certain parts of the tongue of chickens. The columnar ciliated epithelium lining 
the trachea and bronchi and the epithelium of the submucous glands thus become 
transformed into squamous stratified keratinizing epithelium with typical inter- 
cellular bridges. Owing to the fact that the keratinized epithelium e.xtends as a 
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continuous layer into the glands of the submucosa, the picture strikingh' resembles 
that of the mucous membrane of the ca^ty of the mouth, and to a less extent of 
the normal skin. This is brought out in Fig. 6. Eosinophilic leucocytes which 
are normally found in the keratinized epitheliiun of the tongue and esophagus 
appear either scattered or in small foci. Other cells which ma}' be associated with 
secondary bacterial infections also appear. 

Along with the formation of this keratinized epithelium the original columnar 
cells are thrown off either singly or in layers. Some of these cells may appear 
practically normal, but the majority lose their cUia, the protoplasm takes the 
routine stains less intensely, and the cells later become distended so that they have 
the appearance of a ball or a balloon (Fig. 7). The chromatin in the nuclei of these 
cells becomes irregular and fragmented, and later only a few chromatin knots 
remain scattered irregularly in the balloon-shaped cytoplasm. Finally the cells 
appear as more or less homogeneous shadows, the whole process being that de- 
scribed b}’ Uima as “balloon degeneration.” This balloon degeneration involves 
not onl}- the original epithelium but also the squamous keratinizing cells. Occa- 
sionally these degenerating cells may fuse and form what may be called “balloon 
giant cells.” The cell boimdaries may still be visible in these unusually large giant 
cells. 

In the deeper layers of the new epithelium a reticular degeneration of cells may 
be found. The cells are enlarged, the cj-toplasm is occupied by round vacuoles, 
sometimes to such an e.xtent that it is only visible as a reticular network, the nuclei 
show numerous chromatin clumps, and nuclear material may be extruded into the 
cytoplasm. This tj-pe of degeneration is not as common as the balloon tj^pe. 

The degenerating cells become separated and collect in the lumen of the trachea 
and bronchi in the form of a membrane in which numerous bacterial colonies 
appear. These bacteria may invade the cells and in cases become so numerous 
that the cytoplasm is filled with them and the nuclei sometimes destroyed (Fig. 7). 

Stains with Sudan III and Scharlach R of the trachea at various stages of the 
degeneration show practically no fat. In a few cases a small amount of fat was 
present but this tN^pc of degeneration is far from common. 

As the kcratinization of the epithelial cells of the glands in the trachea pro- 
gresses, the presence of mucus, as shown by special stain, becomes progressively 
less. In the early stages one may find keratinized epithelium in one portion of the 
gland and secreting mucus cells in another. Later, as the keratinized epithelium 
replaces the true glandular epithelium, mucin is found, if at all, in ver>' small 
granules in the center of what remains of the original epithelium. When the glands 
become completely filled nnth keratinized squamous epithelium mucin is absent. 

.\ssoci3tcd with the loss of cilia and the decreased or absent secretion of mucin 
one wouhl expect an invasion of the muco.-a '.vith bacteria. Organisms arc found 
not only on the surface of the epithelium and between the epithelial cells but also 
in the glands of the tunica propria, in the tunica propri.a itself, ar.’’! even in the rub* 
mucos.a. The degenerating cells ot the epithelium s'^an 1 ccomc invade 1 bv 
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bacteria and leucocytes may make their appearance. As the disease progresses 
bacteria and signs of inflammation become less marked. However, signs , of 
bacterial infection are not always present, and in the fowl we feel that the keratini- 
zation of the epithelium is not related to the bacterial infection. In the rat, Tyson 
and Smith (5) came to the opposite conclusion. 

In nearly all cases, a more or less marked cell infiltration in the tunica propria, 
partly around the numerous vessels, parti}' in a more diffuse distribution, is found 
(Figs. 5 and 6). According to the results of control investigations, the occurrence 
of lymphoid tissue in the tunica propria of the trachea is a normal finding, but in 
cases of A-avitaminosis its collection is so massive that there is no doubt of its 
pathological significance. The greater part of these infiltration cells are l}Tnpho- 
C 3 'tes, to which are added t}'pical histiocytes and a few plasma cells. In most 
cases some eosinophile leucocytes, red bloodcorpuscles and occasionally neutrophUe 
leucocytes have also been found. In some early stages with extreme degeneration 
and proliferation of the original epithelium and a distinct edematous condition 
of the underlying propria, the occurrence of peculiar large cells, a t}'pe of histo- 
genous mast cells, has been observed, especially in the upper layers. They are 
elongated or oval with a longish-oval nucleus which is rich in chromatin and some- 
times shows a t}’pical wheel form. Using Giemsa’s stain, ver}' small blue or blue- 
violet granules can be found in their cytoplasm. In general one has the impression 
that the upper layers of the tunicapropria, situated directly beneath theepithelium 
of the surface, and the neighborhood of the glands are occupied more densely with 
these infiltrating cells than its deeper parts. Sometimes the reverse is true; in 
fact, the degree of the infiltration varies greatly in different cases. lUitoses are 
very seldom recognizable in these cells. Moreover, lesions may also be found in 
the endothelial cells of the infiltrated vessels, the lumina of which are frequently 
filled with l 3 'mphocy tes. There is more or less swelling of these cells and a change 
in the chromatin structure of their nuclei. In some preparations the elastic fibers 
seem to be thickened and more separated. Usually these lesions are associated 
with edema. In the remaining parts of the trachea no particular changes coxild be 
discovered. 

The same complex of lesions described in the trachea is also present in the 
bronchi and bronchioli. They are sometimes filled with desquamated keratinized 
epithelium, so that bronchiectasis is the natural sequence. 

Nasal Cavities and Communicating Sinuses . — The lesions of the 
nasal passages and their sinuses have been studied on cross sections 
cut perpendicular to the roof of the mouth at several points between 
the nostrils and the posterior limit of the nasal cavity or bulb of the 
eye. The evolution, course, and final stage of the process are exactly 
the same as previously described in the trachea (Figs. S, 9, and 10). 
It may be pointed out that in general all parts of the nasal cavities are 
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involved and that only some chronological differences in the involve- 
ment of the several regions can be observed. In the gland-free part 
of the nasal vestibule, regio vestibularis, lesions have been dete rmin ed 
in aU cases, not so much in the form of a real keratinization but rather 
of an increased proliferation of the superficial epithelial cells. 

T>’pical and distinct lesions, as described in the trachea, are found in the 
respiratory mucous membrane of the roof of the nasal vestibule and especially in 
the median and dorsal area of the part known as the concha of the vestibule. One 
obtains the impression that the entire process in this and other parts of the nasal 
cavities (olfactorj* portion, respiratorv- portion) (Figs. 8, 9, and 10) begins in the 
mucous membrane epithelium and that the epithelium of the glands becomes in- 
volved a little later. 

In addition to numerous keratohyalin corpuscles in the cells of the superficial 
layers of the newly formed squamous stratified epithelium and the appearance of 
eleidin (Pasini’s method), the following lesions in the nuclei of the keratinizing 
cells have been encountered in the nasal cavities: — As a rule it has been observed, 
even in the deeper layers, that marked alterations of the nuclei arc coexistent with 
the formation and appearance of keratohyalin granules in the cx’toplasm. There is 
especially a marked fragmentation and extrusion of nuclear material (nucleoli) 
and furthermore a relative increase in the volume of the cytoplasm as compared 
with nucleus (Fig. 11). According to the investigations of Ludford (8), the same 
lesions may take place in the skin imder normal conditions, while in a hj'per- 
trophied epidermis, under pathological conditions, these nucleolar changes are still 
more marked. It seems verx' probable, therefore, that the nuclear substances 
and particularly the nucleoli are conncxtcKi in some way with the process of kera- 
tinization and the formation of keratohyalin granules. In addition the nudeoli 
after extrusion from the nudei not infrequently change their staining properties. 
W hen stained by Hammcrschmidt’s method they resemble Guamicri's inclusion 
bodies. Moreover, the nudei of these cells from which the nudeoli have been 
extruded have the characteristic shape of nuclei in cells containing Guamicri's 
bodies. It is worth}' of note that in the pathological keratinization associated with 
chicken-pox Fbcrbc^ck (9) found the same t'vpc of lesion. 

Tlie sinuses communicating xvith the nasal ciaxity show essentially 
the same lesions as in the epithelium of the nose and trachea. These 
lesions are modified depending upon the anatomical structure of the 
eaxaty itself. In the paranasal sinuses the mucous membrane is 
thinner and contains only a few glands on the median wall, contrary to 
the opinon of Bittner (10). Keratinization occur.^ in the nasohicrima! 
duct and in the c.xcrctory duct of the lateral na.sal gl.and. glandula 
lateralis nasi. The lateral nasal gland itself is only slightly involved. 
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the main lesion being in the ducts and collecting space while the acini 
themselves appear normal. 

Bacterial invasion of the degenerating epithelium occurs in the nose 
just as it does in the trachea (Fig. 12). It is, however, more marked 
and the nasal cavity and fossa may become filled with degenerated 
cells and purulent exudate. The tunica propria becomes involved and 
in addition to the infiltrating cells one may find a slight edema and a 
swelling of the endothelial cells of the blood vessels. 

Relation of A-Avitamiiiosis to Some Infeclious Diseases of the Upper 

Respiratory Tract 

The great variability of the clinical symptoms and pathological 
lesions in A-avitaminosis of the respiratory tract may make it difficult 
to differentiate this condition from coryza contagiosa, virus-diphtheria, 
and infectious tracheo-bronchitis. In the presence of a simple nasal 
discharge and a discharge from the cleft palate, with involvement of 
the sinuses, and in the absence of typical pustule-like lesions in the 
mouth and esophagus, there is a close resemblance to coryza contagiosa 
as well as to a certain stage of virus-diphtheria (Riedmuller (11)). 
Recent observations have shown that in such cases, from the clinical, 
gross anatomical, and even etiological aspect, a differentiation is quite 
impossible. Furthermore in later stages, after the sinuses and the 
eyes have become involved and when lesions are present in the cavity 
of the mouth (12), the A-avitaminosis frequently is almost indistin- 
guishable from the commonly occurring roup and virus-diphtheria. 
The white color of the caseous masses associated with A-avitaminosis 
is usually considered to be valuable for the differentiation from the 
more yellowish products in roup and virus-diphtheria; yet these differ- 
ences, according to our experience, are by no means distinct enough. 
Finally, in the absence of typical lesions in other organs, difficulties 
may arise in distinguishing the disease from infectious tracheo- 
bronchitis which in certain stages shows a very similar picture in the 
larynx, trachea, and bronchi. 

It will be the object of further investigations to discover possible 
relations between A-avitaminosis and the development of these infec- 
tious diseases of the upper respiratory tract. In this problem, as well 
as for the purposes of differential diagnosis, the most important matter 
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is a positive recognition of a present lack of ^itarain A. The histo- 
logical lesions ■which occur in the respiratory tract and throughout 
the body even in early conditions, taken in connection vtith the more 
recent investigations of Wolbach and Howe (5), Goldblatt and 
Benischek (3), and Tyson and Smith (4), who were able to produce 
similar lesions in rats and guinea pigs by feeding a diet lacking ^dtamin 
A, seem definitely to prove the spedficity of these lesions. It may be 
added that in cases of so-called “coryza contagiosa” ■without a lack of 
■vitamin A quite different l^ions have been found. 

Only by means of the histological examination is it possible to 
differentiate the A-a^vitaminosis from the above mentioned infectious 
diseases of the respiratoiy tract. 

SUIEMARY AKD CONCL'USIOKS 

1 . The principal tissue changes in the respirator)' tract of chickens 
caused by a -vitamin A deficiency' in the food are, first, an atrophy and 
degeneration of the lining mucous membrane epithelium as well as of 
the epitheliimi of the mucous membrane glands. This process is 
followed or accompanied by a replacement or substitution of the 
degenerating original epithelium of these parts by a squamous strati- 
fied keratinizing epithelium. This newly formed epithelium develops 
from the primitive columnar epithelium and diddes and grows very' 
rapidly. The process appears to be one of substitution rather than a 
metaplasia, and resembles the normal keratinization of the skin or 
even more closely the incomplete keratinization of the mucous mem- 
branes (c.g., the esophagus or certain parts of the tongue of chickens). 
In this connection findings have been described which not only afford 
an interesting insight into the complicated mechanism of kcratiniza- 
tion, but also show probable relations between keratinization and the 
development of Guamieri’s inclusion bodies. Balloon and reticular 
degeneration of the upper layers of the new stratified epithelium has 
been frequently observed. All parts of tlie respiratory tract are about 
equally involved in the process: and the olfactory region as well, so 
that the sense of smell may be lost. The lesions, which first take place 
on the surface epithelium and then in the glands, show only minor 
differences. 

2. The protective mechanism inherent in the m.ucous mem.brants of 



530 


A-AVITAMINOSIS IN CHICKENS. I 


the entire respiratory tract is seriously damaged or even entirely 
destroyed by the degeneration of the ciliated cells at the surface and 
the lack of secretion with bactericidal properties. Secondary infec- 
tions are frequently found, and nasal discharge and various kinds of 
inflammatory processes are common, including purulent ones, espe- 
cially in the upper respiratory tract, communicating sinuses, eyes and 
trachea. The development of the characteristic histological process 
is not dependent upon the presence of these infections, since it also 
takes place in the absence of infection. 

3. The specific histological lesions make it possible to differentiate 
between A-avitaminosis and some infectious diseases of the respiratory 
tract. 

These studies we hope will serve as a basis for further investigations 
on the relationship between A-avitaminosis and infection in general. 
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EXPLANATION OF PLATES 
Plate 21 

Fig. 1. Sagittal section through the head of Chicken 7 with A-avitaminosis. 
Masses of purulent e-^date in the nasal passages. (Dead after 82 days on experi- 
mental diet.) 
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Fig. 2. Cross section through the head of Chicken 13 with A-avitaminosis 
(spontaneous case) . White caseous masses between left concha inferior and nasal 
septum and in the corresponding sinuses. 

Fig. 3. Trachea of Chicken 6 with A-avitaminosis. Thin membranes, partly 
in the form of a tube, consisting of desquamated epithelium. (Dead after 87 days 
on experimental diet.) 

Fig. 4. Trachea, cross section (84.5 x)- Chicken 1. Beg innin g stage. De- 
generation of the surface epithelium and separation from its underljdng support. 
On the left side formation of a new stratified epithelium in a small focus. (Killed 
after 30 days on experimental diet.) 

Fig. 5. Trachea, cross section (50 x). Chicken 8. Complete replacement of 
the epithelium of the respiratory mucosa and its glands by a stratified keratinizing 
epithelium. Infiltration of the submucosa. (Dead after 80 daj-s on experimental 
diet.) 

Plate 22 

Fig. 6. Same as Fig. 5 (80 X). 

Fig. 7. Cross section through trachea (990 X). Chicken 1. Newly formed 
stratified epithelium. At the surface several cells showing balloon degeneration. 
Foci of bacteria between the degenerating cells. (Dead after 30 days on e.xperi- 
mental diet.) 

Fig. 8. Nasal septum (50 X). Chicken 6. Complete replacement of the sur- 
face epithelium by stratified keratinized epithelium. Desquamation of the super- 
ficial layers. The glands show an earlier stage of the process, atrophy of the 
original epithelium. Slight infiltration of the submucosa. (Dead after 87 da>-s 
on experimental diet.) 

Fig. 9. Olfactoiy region (85 X) Chicken 6. Ad\'anccd keratinization and 
desquamation of the replacing epithelium at the surface of the mucous membrane. 
The epithelium of Bomnan's glands shows only the tj-pical atrophy. Masses of 
exudate and desquamated epithelium. (Dead after 87 days on c.xperimental diet.) 

Plate 23 

Fig. 10. Respiratorj' and olfactory mucous membrane of the nasal fossa (55 X). 
Chicken 5. Complete replacement by stratified keratinizing epithelium. The 
glands show an earlier stage of thcproccss, (Dead after 85 days on atperimenta] 
diet.) 

Fig. 11. Gland of the nasal mucous membrane (1 140 x). Chicken 5. Show- 
ing numerous bacteria in an early stage of the process. (Dead after 85 days on 
experimental diet.) 

l iG. 12. Nas.al passages. Chicken 6. Cells of the supcrnrial l.’.ycrs of the 
newly formed keratinizing epithelium, showing the extrusion of nuclear material 
into the cytoplasm (a), granules of kcratohyalin (1)), m-a.'ses of clcidin (c), and inter- 
cellular bridges (d). 








THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 52 


PLATE 22 




THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 52 


PLATE 23 





STUDIES ON A-A\TTA]MINOSIS IN CHICKENS 


II. Lesions of the Upper Aliment.^ry Tract and Their Eel.a.tion 
TO Some Infectious Diseases 

By OSKAR SEIFRIED,* V.M.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

Plates 24 and 25 

(Received for publication, June 19, 1930) 

In the preNnous paper^ of this series the lesions in the respirator}’ 
tract caused by a lack of vutamin A in the food of chickens was con- 
sidered, together with a discussion of the clinical findings and their 
relation to certain infectious diseases. Using the same material and 
methods, it is the purpose now to deal in the same way with the lesions 
of the mouth, palate, esophagus, crop, and their associated glands. 

Gross Pathology 

Because of the close connection between the nasal cavity and the mouth, the 
seromucous discharge in the former overflows regularly through the cleft palate 
and produces a clinical and anatomical picture which cannot be diflerentiated from 
that found in corjaa contagiosa. As secondary in\adcrs appear this exudate be- 
comes transformed into white or slightly yellowish caseous masses which may at 
times completely plug the cleft palate. In addition, in the region of these nasal 
plugs and also on the roof of the mouth but seldom in the tsophagus, fine thin 
membranes appear which together with the nasal plug produce a picture which 
may be easily confused with that of fowl-po.t. In .\-a%nLaminosis, however, these 
membranes may not always be present and when they arc they usually arc limited 
to the cleft palate and its adjacent epithelium. They arc easily removed leaving 
no bleeding ulceration, thus difiering from fowl-pox. ' 

Early in A-a%'itamino5is there appear small white or yellowish pustulc-likc le- 
sions, A"aradng from 0.5 to 2 mm. in diameter, in the region of the cicrctorv ducts 
of the glands of the mouth (Xcxl-figs. 1 and 2). When discrete ihea* arc roun^l, 
but liy confluence they may become longish. They arc u.^ua'.ly raise 1 .alKivc the 

* Professor citraordinara- at the University of Gicr'-r.n. German-.. 

‘ Scifried, O.. J. Exp. Med., 52, SlO. 
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surface of the mucous membrane and often show a depression in the center (Fig. 
1) . Later small ulcers may appear at the site of these lesions and these ulcers may 
be surrounded by inflammatory products. These pustule-like lesions, with or 
without the inflammatory membranes, very closely resemble lesions of fowl-po.x, 
and it is with great difficulty, if at all, that a differential diagnosis can be made by 
the macroscopical picture. 

The mucosa of the esophagus and crop also shows pustule-like patches which 
may be even more prominent than those seen in the mouth, probably due to the 



Text-Fig. 1. Roof of mouth. 1: excretory ducts of maxillary gland; 2: 
cleft palate, narrow part; 3: papillae bf palate; 4; cleft palate, wide part; 5: 
infundibiflum; 6: papillae of throat, a: glandula maxillaris; b: glandula pala- 
tina lateralis; c; glandula palatina medialis; d: glandula spenopterj-^goida; e: 
glandula tubaria. 

peculiar structure of the glands in these regions (Fig. 1). They may be either 
localized in the upper part of the esophagus and surrounding the pharynx, or they 
may cover the mucous membrane of the esophagus throughout its entire length 
and in cases extend into the posterior part of the crop where the folds of the eso- 
phagus are continued. In the main portion of the proventriciflus and throughout 
the intestines no gross lesions have been found. The nodules in the esophagus do 
not rilcerate as frequently as those in the mouth cavity, but they show a depressed 
minute opening in the center which corresponds to the excretory duct of the gland. 
In a few instances they are so numerous in the esophagus that when infected a 
UqDe of membrane may be formed. 
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Histology 

As noted above the lesions in the alunentar}’’ tract occur mainly in 
the glands. They have ‘been studied in sections made of the roof of 
the mouth after decalcification. 

Glands from the fioor of the mouth, and in some instances from the roof, have 
been dissected out and sectioned in their shortest and longest diameters, while the 



Te\'T-Fig. 2. Floor of mouth. !: tongue; 2: papillae of longue; 3: base of 
tongue; 4; entrance to latvTvx; 5; bone of tongue; 6; papillae of lar>v.r. a. 
glandula subma.tillaris anterior; b; glandula lingualis anterior; c: glandula sub- 
maxiUaris oromcdialis; d: glandula lingualis posterior; c: glandula submaxiilaris 
caudolateralis; f; glandula subma.xillaris intermedia; g: glandula cricoaratc-noidca. 

glands of the tongue, pharj'nx and esophagus have Ixm scctio.ned ir. The 

lesions in the glands arc essentially the same as those found in the rcspi.'’atorj' 
tract and described in the previous paper. There arc. hov, ever, some peculiarities 
which probably depend upon the special structure o: the glands. As a rule ti c 
early lesions in these glands .arc not found i.n the acini but in t};c collecting spicc. 
and ducts. l.csions may be well marked in the ma-xilla.-y a.n i sul.mu:.til!'..n' rl.:.n Is 
before they appear in the n.asa! passages, sinuses, trachea or hr 'nri i. I ii-. 2 •h er s 
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an early lesion of the submaxillary gland in which there is a marked proliferation 
and degeneration of the original epithelium. At the same time new stratified 
epithelium appears beneath or in place of the original epithelium. These early 
lesions may not be very characteristic but as the process is advanced tj^pical pic- 
tures occur, as shown in Fig. 3 of the maxiUary gland where in the collecting space 
is found a focus of squamous stratified keratinizing epithelium. In the acini the 
high mucus-secreting epithelium has begun to degenerate and atroph}' and in a few 
instances there has been a replacement by stratified keratinizing cells. These 
changes in the acini have never been as pronounced as in the collecting spaces. 
Fig. 4, a cross section through the glandula lingualis, shows a well marked stage in 
the process with newly formed stratified epithehimi and earlj’- keratinization. This 
newly formed epithelium ma}' be foimd in isolated islands or in larger foci beneath 
or in place of the original epithelium Ijdng directly upon the connective tissue. It 
seems probable that this newly formed tissue is favored in its growth by the 
abvmdant supply of capillaries from the surrounding connective tissue. The col- 
lecting spaces become filled with degenerated cells, masses of mucus (Fig. 4), and 
in some cases inflammatory products. This accumulation is undoubted!}'' in large 
part due to the lesions in the excretory ducts of the glands, as it is here that the 
oldest and most pronounced changes have been found. The epithelimn of the 
mucous membrane of the mouth seems to e.xtend into the duct, which is partial!}’' 
filled -with the new stratified epithelium, and causes a more or less complete block- 
ing. As a result the glands become dilated and frequently show evidences of bac- 
terial infection, the latter being especially marked in the duct. Since this is an 
early lesion the gland may continue to secrete mucus for a time and this acemnu- 
lates in the collecting space. Later desquamated cells from the newly formed 
stratified epithelium become numerous and the gland, which originally is a sac 
with invaginations, becomes smoothed out and distended. Finally this distended 
sac becomes completely filled with stratified keratinized epithelial cells, as shown in 
Fig. 5 which gives a picture of the final stage of the process. Such a picture is 
found more frequently in the glands of the tongue, palate and esophagus than in 
the compound glands of the cavity of the mouth. 

The histological picture shows that early infections of the excretory ducts of the 
glands are relatively common. These infections are manifested by necrosis of the 
epithelial lining of the duct and of the surrounding mucous membrane, cellular 
infiltrations, and the presence of numerous bacteria (Figs. 6 and 7). Oftentimes 
it appears that the lumen of the duct is blocked, thus resulting in an accumulation 
of inflammatory products in the gland itself. At times the inflammatory process 
spreads from the mouth of the duct over the surroimding mucous membrane of the 
mouth (Fig. 8) or tongue, and more rarely over the mucous membrane of the 
esophagus. 

In the submucosa signs of infection such as perivascular and diffuse infiltra- 
tions are frequently seen. In some sections through the tongue such infiltrations 
have been found even in the deeper layers of the muscularis, and in the ventral 
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portion of the vomer these lesions are particularly pronounced. In the esophag^ 
and crop and sometimes in the proventriculus, the lesions in the glands are the 
same as those described in the mouth ca^^t^- but secondary- bacterial infections are 
not as pronounced. 

As pointed out above, the macroscopical lesions in the mouth may 
closely resemble lesions of fotvl-pox. The histological difference be- 
tween these two is quite striking and there is no difficulty in separating 
them from sections, but what part the process plays in the develop- 
ment of fowl-pox and other infections by breaking down the resistance 
of the mucous membranes is a problem that is well worth further 
consideration. 


StTMlIARV AND CONCLtiSIONS 

When fowls are placed on a diet lacking in vitamin A lesions appear 
in the upper alimentar)’’ tract which are confined largely to the mucous 
glands and their ducts. Histologically it is shown that the original 
epithelium becomes replaced by a stratified squamous keratinizing 
epithelium and that secondary infections are relatively common. 
The ducts of the glands may be blocked leading to distention with se- 
cretions and necrotic materials. These lesions macroscopically re- 
semble very closely certain stages of fowl-pox and the two conditions 
can be separated onl}’’ by histological e-xamination. It is pointed out 
that these lesions produced' by a lack of vitamin A may enable bac- 
teria and other viruses to enter the bod}'. 

EXPL.VXATIOX OF PL.VTES 
Plate 24 

Fig. 1. Pustulc-libc patches at the roof of the mouth, the base of the tongue and 
the mucous membrane of the esophagus. (Chicken 7, dead after S2 daj's on ex- 
perimental diet.) 

Fig. 2. Longitudinal section through the glandula submaxillaris of Chicken 11. 
X 55. Proliferation of the original epithelium lining the collecting space; lirst 
stage of process. Hematoxadin-eosin. (Killed after 56 d.ays on cxpc.-tmcnt.al 
diet.) 

Fig. 5. Cross section through the maxillary gland of Chicken 1. X 110. 
’ Sm.all foci of stratified keratinizing epithelium i.n the collecting spacc;dcrcr.crat:'''n 
of the epithelium in the acini. Hcm.atoi>-Iin-cosin. (Killed after 50 day.s cn 
c-xpcrimcntal diet.) 
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Fig. 4. Cross section through the base of the tongue (glandula lingualis) of 
Chicken 9. X 80. Shows a more advanced stage of the process. The cells, 
which are to replace the original epithelium, form a continuous vascularized s\’’ncy- 
tiiun, lying directly upon the surrounding connective tissue. Beginning kera- 
tinization, desquamation and degeneration of the upper la 3 '^ers of the newly formed 
epithelium. Hematoxylin-eosin. (Dead after 75 da 3 "s on experimental diet.) 

Plate 25 

Fig. 5. Cross section through the base of tongue (glandula lingualis) of Chicken 
6. X 50. Final stage of the entire process. The glands are completeh' filled 
with stratified, more or less keratinized, homogeneous masses. Extreme dilata- 
tion of the glands, van Gieson stain. (Dead after 87 days on e.xperimental 
diet). 

Fig. 6. Excretory duct of the glandula palatina medialis of Chicken 5. X 
50. Bacterial infection followed by necrosis of the duct and its surroundings; 
accumulation of necrotic masses, mucus, inflammator 3 '^ products and numerous 
bacteria. Giemsa stain. (Dead after 85 da 3 's on e.xperimental diet.) 

Fig. 7. Excretor 3 ’’ duct of the lateral glandula palatina of Chicken 7. X 875. 
Invasion with numerous bacteria. Methylene blue stain. (Dead after 82 da 3 's 
on experimental diet.) 

Fig. 8. Cross section through roof of mouth (glandula ma.xillaris) of Chicken 7. 
X 75. Thick membrane covering the mucous membrane, developing after second- 
ary infection of the excretory ducts. Hemato.xylin-eosin. (Dead after 82 days 
on experimental diet.) 















THE DISTRIBUTION OF FRIEDLANDER'S BACILLI OF 
DIFFERENT TYPES 
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(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 24, 1930) 

In 1926 (1), a number of strains of Friedlander’s bacillus were 
classified by tbe immunological reactions of agglutination, agglutinin 
adsorption and passive protection against infection, into three specific 
types, wbich were arbitrarily designated as Tj’pes A, B, and C. The 
strains faUing into the specific types comprised the great majority of 
those studied, and the remaining cultures which were found to differ 
serologically from each other and from the specific types were in- 
cluded in a heterogeneous group called Group X. The distinctions 
in type were referable to the presence of a specific carbohydrate in the 
capsular material. The carbohydrate (2), or soluble specific sub- 
stance, was shown to be chemically different for each of the three 
t3T)es. 

Cultures of Friedlander’s baedlius have been collected in the mean- 
time in order to study the relative frequency and distribution of the 
organism of various immunological tjqjes. 

EXPEREJEOTAL 

In the present survey a total of SO strains have been isolated from 
a variety of disease conditions; in most instances the organisms were 
considered to be the inciting agent of the disease, in other cases second- 
ary' invaders. All the organisms studied were encapsulated, non- 
motile, non-spore-bearing, Gram negative rods with the cultural 
characteristics usually attributed to Friedliindcr’s bacillus. In each 
instance the serological U-pc was determined by the agglutination of 
live young cultures (4 to 6 hours) in U'pc-spccific sera. 

The fermentation of carbohydrates by the different strains '.vas 
also studied to determine possible serological and biochemical re- 
lationships. 
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The Frequency of Occurrence of Fricdlandcr' s Bacilli of the Different 
Specific Types. — In Table I is given the relative number of strains 
of the different types isolated from disease. It is seen that of the 
80 strains, about 75 per cent fall in one or other of the three specific 
types. To Type A, belong 42 of the strains (52 per cent) ; to Type 
B, 12 (15 per cent); to Type C, 7 (9 per cent). Group X includes 19 
(24 per cent) of the cultures. It is interesting to compare these 
figures with those obtained from the original study (1) of 30 strains. 
At that time, it was found that 50 per cent of the strains were of 
Type A, 20 per cent of Type B, 10 per cent of Type C, and 20 per 
cent belonged in Group X. 

The Incidence of the Various Specific Types in Different Diseases . — 
This is shown in Table II. Most of the strains studied were isolated 
from cases of pneumonia in man. Of the strains isolated from this 


TABLE I 

The Distribution of Specific Types of Fricdlandcr’ s Bacillus 


Total number of 
strains studied 

Distribution by types 

Group X 

Type A 

Type B 

Type C 

80 

42 

12 

7 

19 


source about 75 per cent were of Type A. In the original study (1) 
it was found that about 70 per cent of the total strains associated 
with pneumonia belonged to Type A, Most of the Type A strains 
were isolated from human cases where the majority of Type B strains 
were isolated from animals. The organisms of Group X were ob- 
tained from a variety of conditions in animals and man. 

The Specific Precipitin Reaction in the Urine in Pneumonia. — In a 
preceding paper (3) it was shown that rabbits experimentally infected 
with Friedlander’s bacillus eliminate the soluble specific substance 
through the kidney, and that the urine of infected animals may give 
a precipitation reaction in the corresponding type-specific serum. 
Blake (4) first demonstrated the presence of a positive precipitin 
reaction in a case of pneumonia in man due to Friedlander’s bacilli. 
Recently in a case of pneumonia in the Hospital of The Rockefeller 
Institute, due to Friedlander’s bacillus, the opportunity was offered 
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for studying the type-specific precipitin reaction in the urine. On 
the day of admission, which was the second day of the disease, Fried- 
lander’s bacillus Tj’pe A was isolated both from the blood and sputum, 
and the presence of the soluble specific substance was demonstrated 
in the urine by a type-specific precipitation reaction which was pos- 
itive even when the urine was diluted sixteen times. On the following 


TABLE n 

The Incidaicc of the Various Types of Frtedlandcr’s Bacillus in Diffcrctit Diseases 


Type 

Human 

pneu- 

monia 

Throat 

liW 

abscess 

Animal source 

i 

1 

Miscellaneous 

Type A 
(42 strains) 

33 

3 

1 

Guinea pig — 2 (not 
pneumonia) (fatal 
abscess) 

Cystitis — 1 

Adenoid tissue — 2 

Type B 
(12 strains) 

2 

1 

1 

Guinea-pig — 5 
(pneumonia) 

Mare — 2 (G. U. in- 
fections) 

Feces — 1 (colitis) 

Type C 
(7 strains) 

3 

0 

° ! 


.■\ntrum — 1 (sinu- 
sitis) 

Xose — 1 (sinusitis) 
Unknown — 2 

Group X 
(19 strains) 

7 

2 

1 

Guinea-pigs — 2 (not 
pneumonia) (fatal 
abscess) 

Sputum — 2 (not pneu- 
monia) 

Cystitis — 3 

Lung abscess — 1 

Feces — 1 (Pellagra) 


daj' the disease terminated fatally and this day the precipitation 
reaction was positive when the urine was diluted 1 :64. 

The Fcrmcnlalioii of Carbohydralcs by Fricdlar.dcr's Bacilli of the 
Different Types. — The fermentation reactions of bacteria of the En- 
capstilalus group have been studied by a number of worker?, but the 
results have been contradictory' and confusing. While certain author? 
have found that Friedlander’s bacillus ferments lactose with the 
formation of acid and gas (5, 6, 7. S) or of acid alone (9, 10. 11. 12), 
other writers (13, 14. 15) have obseiA'ed that it does not ferment 
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lactose. Still other authors (16, 17, 18, 19) state that different strains 
may vary in their ability to ferment lactose, and it is the opinion of 
these authors that the fermentation reactions of the bacteria of the 


TABLE m 

The Fermentation Reactions of Fricdlatidcr's Bacillus of the Different Specific Types 


Fricdlander bacilli 

Reactions in 

Type 

Number of 
strains 

Dextrose 

1 

Lactose 

Sucrose 

1 

Maltose 

Mannitol 

A 

30 

AG 

AG 


AG 

AG 

B 

8 






C 

3 






Group X 

8 


1 




A 

9 






B 

None 

AG 

Negative 

AG 

AG 

AG 

C 

1 






Group X 

1 






A 

2 






B 

2 

A 

A 

A 

A 

A 

C 

None 






X 

5 






A 

4 

1 

1 





B 

None 

A 

Negative 

A 

A 

A 

C 

None 






X 

None 






X 

1 

AG 

AG 

Negative 

AG 

Negtdive 

X 

1 

A 

Negative 

Negative 

Negative 

Negative 

X 

1 

A 

Negative 

Negative 

AG 

Negative 


A indicates presence of acid. 

AG indicates presence of acid and gas. 
Negative indicates absence of acid and gas. 


Encapsulatus group are too inconstant to be of value in classification 
or identification. 

It seemed, however, important to study again this question vnth 
reference to the specific types of organism employed in making the 
tests. 









LOtriS A. JULIANELLE 


543 


Five carbohydrates (dextrose, lactose, sucrose, maltose and man- 
nitol) were employed, since earlier observations indicated that these 
five offered the greatest possibilities for use in differentiation. Sam- 
ples of meat extract broth containing 1 per cent of the respective 
carbohydrates were inoculated, and the final readings were made 
after an incubation period of 7 days. 

The results of this study are given in Table III. It is seen that 
the majority of the strains ferment aU 5 carbohydrates with the 
formation of acid and gas. There is, however, a great variability in 
the fermentative activities of the different strains, and it is obvious 
that a classification of Friedlander’s bacilli on the basis of fermentation 
activity is of little value. Furthermore, the fermentation reactions 
do not aid in the identification of the spedfic types. It is interesting 
to note, nevertheless, that of 15 strains which form neither add nor 
gas in lactose, 13 are of Type A. In other words, the inability to fer- 
ment lactose is most characteristic of Type A cultures. Of further 
interest is the fact that the strains of Group X show the greatest 
variability in the fermentation of carbohydrates. 

DISCtJSSION 

The present communication records the distribution of Fried- 
lander’s badlli of the different spedfic types in disease. It was found 
that most of the Type A strains are obtained from human cases and 
the majority of them from cases of pneumonia. On the other hand, 
the greatest number of strains of Type B arc derived from animal 
sources, while Group X contains organisms isolated from the greatest 
variety of diseases. In this connection, it should be pointed out that 
in confirming the existence of spedfic tj-pcs among the Fricdliindcr 
bacilli, Edwards (18, 19) characterizes his Tx'pe I (corresponding to 
Tj^pe B) as the animal tj-pc, and Tj-pe Ft (corresponding to Type A) 
as the human tj-pe. Edwards (19) also shon-s that certain strains 
of Bacterium acrogcucs are serologically identical %dth Fricdlandcr’s 
badlli. This is not surprising, hon-ever, when it is recalled that 
Aver}', Hcidclberger and Goebd (20) had prcdously demonstrated 
the immunological similarity of Tj-pc B Friedliindcr’s badllus to the 
more ^vidcly remote species, Pneumococcus TN-pe II. 

It h.as been possible to confirm Blake's observations on the occur- 
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rence of a specific precipitin reaction in the urine during the course 
of pneumonia due to Friedlander’s bacillus. Dochez and Avery (21), 
also demonstrated during their original studies on the soluble specific 
substance of Pneumococcus that the specific urine precipitation tests 
in immune sera offered a procedure of diagnostic as well as prognostic 
importance. 

A study of the fermentation reactions of Friedlander’s bacillus con- 
firms an earlier opinion (17) that a classification based on these re- 
actions possesses little value. Fitzgerald (16) previously and Ed- 
wards (18, 19) more recentl}'’ readied similar conclusions. In the 
present study, it was not possible to show any constant relationship 
between serological reactions and biochemical activity as measured 
by the fermentation of carbohydrates, although it was found that 
among the strains of all types there is a much greater tendency for 
T3^e A strains not to form acid or gas from lactose. 

SUMMARY AND CONCLUSIONS 

In a study of the distribution of the specific types of Friedlander’s 
bacillus, it is shown that: (1) Of 80 strains 52 per cent belong to 
Type A, 15 per cent to Type B, 9 per cent to Type C, and 24 per cent 
to Group X. (2) Type A contains for the most part strains derived 
from diseases of man and more than 70 per cent are associated ivith 
pneumonia in man. (3) Type B indudes the greatest number of 
strains from animal sources, while the heterogeneous strains compris- 
ing Group X come from the greatest variety of diseases. 

It was demonstrated that in a patient suffering with pneumonia 
due to Friedlander’s bacillus (Type A), a specific predpitin reaction 
of the urine occurred in the corresponding (Type A) immune serum. 

A study of the sugar fermentation reactions of Friedlander’s badllus 
shows that (1) there is no correlation between serological type and 
fermentative activity; (2) the fermentation reactions are variable 
and therefore not reliable for distinguishing Friedlander’s bacillus 
from closely allied organisms; (3) the strains of Group X show the 
greatest variation in fermentation, and (4) of 15 strains unable to 
ferment lactose, 13 belong to Type A. 
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Warburg and his associates, Posener and Negelein (1924), have 
shown that within certain limits and with certain exceptions carcino- 
matous tissue has a unique and characteristic metabolism. They and 
Warburg (1925) found that normal tissues have a relatively high rate 
of o.x}'gen consumption and a low aerobic glycolysis. Embrj'onic 
tissue has high respiration and, under anaerobic conditions, a high 
glycolysis, but it has only a slight destruction of sugar under aerobic 
conditions. Neoplastic tissue, on the other hand, has a rather low 
respiration rate and a high glycolysis under both aerobic and anaerobic 
conditions. These broad generalizations have been corroborated by 
Murphy and Hawkins (1925), Rona and Deulsch (1926), and others. 
The subject is more fully re\ncwcd by Jackson (1929). Neither gly- 
colysis nor oxj’gen consumption, however, proved to be an infallible 
guide to the nature of a given li\ing tissue, so that Warburg (1927) 
resorted to a new T-alue by which to diflcrcntiate neoplastic from 
normal tissue. He points out that when the Pasteur reaction func- 
tions at its ma.ximum, the formation of c.xactiy two molecules of lactic 
acid is suppressed when one molecule of oxj'gen is consumed, and on 
this basis he suggests a new value “U,’’ whidi may be regarded as the 

* Thec.\3.cr.?c?ofth:.^workv.cresnp.''.rtiieirayci'.liy Mr. .Me!’;r.ctr.-k, 

ami in part by the DcLamar ^;o’l;!cRc^c.'.^ch Fur.'!, Har'.-ard I'.'-.ivf.-se.v. 
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theoretical aerobic glycolytic rate. This value U he finds rather con- 
stantly negative for normal tissue, in the vicinity of zero for embryonic 
tissue, and strongly positive for carcinomata. 

In man the lymph nodes are subject to various pathological proc- 
esses including what, for lack of a better term, we may call the malig- 
nant lymphomata, a classification which is used in this paper to in- 
clude lymphosarcoma, Hodgkin’s disease, reticulum cell sarcoma and 
l 3 anphatic leukemia. Pathologists are not entirely agreed as to the 
nature of these rather varied, but at the same time similar, pathological 
processes. Some regard them as neoplasms, others as infectious 
granulomata. Other pathologists again would class some types in 
one group, some in the other. In tliis paper we are placing Hodgkin’s 
disease, as defined below, by itself for comparison with the other types 
of lymphomata. 

As a part of a general investigation of this group of diseases it 
occurred to us that a study of the chemical metabolism of pathological 
lymph nodes might throw some light on their fundamental nature. 
The metabolic processes might, we hoped, afford evidence as to whether 
various types of malignant lymphomata were neoplastic or infectious 
in origin. This paper deals with the results of the investigation of 
normal and pathological lymph nodes and primary tumors not involv- 
ing lymph nodes, from 71 patients, and is the first of a series of papers 
dealing with various aspects of malignant lymphomata. 

Methods 

As soon as received from surgical operation, the tissue was cut into thin sections, 
averaging 0.3 mm. in thickness, by a specially devised knife consisting of two 
safety razor blades held parallel, but slightly apart, in a suitable metal holder 
provided with adjustments for aligning the blades. All such sections were imme- 
diately immersed in sterile, normal horse serum, at room temperature, preparatory 
to their transfer to the metabolism chambers. SterUe cultures of the Ijrniph nodes 
in this horse serum lived as long and as well as in the patient’s own serum. Paraf- 
fine sections were made of all Ijraph nodes examined. 

The metabolism was carried out in all instances in a modified Thiinburg respira- 
tion apparatus. Briefly this consisted of two small vials connected one with 
another by means of a long, very fine capillary tube containing a kerosene drop to 
serve as a direct indicator of the oxygen consmnption. The tissue to be metab- 
olized M'as floated in buffered normal horse serum in an inner chamber. The moat 
about this inner chamber contained 2 per cent NaOH which served to absorb all 
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carbon dioxide formed. The anaerobic glycolysis was determined in a small \-ial 
containing horse serum saturated with pure nitrogen which had been passed over 
red hot copper to free it from traces of ox 3 'gen. The serum used in the anaerobic 
experiments was first subjected to a vacuum to rid it of air and subsequently 
saturated with pure rutrogen. This anaerobic chamber was attached to the stand 
supporting the Thunburg apparatus. The whole apparatus, aerobic and anaerobic 
alike, was immersed in a constant temperature water bath at 37.5°C. and kept 
agitated by a suitable motor. All apparatus coming in contact with the tissue 
was chemically clean. That the possible presence of bacteria did not affect the 
results was evident from several spedally devised experiments and also from the 
constancy, from period to period, of the tissue metabolism, as eridenced by the 
oxygen consumption. Following each experiment the tissue was washed free of 
serum, dried at 100°C., and weighed. From 5 to 25 mg. tissue was used. All 
weights refer to dry tissue. 

Oxygen consmnption was read directly on a calibrated scale attached to the 
capiUarj’. Readings were taken ever 3 ’ 5 minutes. The results are e.xpressed in 
c. mm. per mg. hour. Gh’coh'sis, or more accurately, sugar destruction during the 
experimental period was determined by the familiar method of Folin (1929). The 
figures given in the text are those actually observed, except that in those tumors in 
which there was considerable connective tissue stroma a suitable allowance was 
made as this tissue has a metabolism entirely neghgible compared to that of the 
more active cells composing the rest of the tumor. The amount of stroma present 
was carefully estimated by two independent observers from paraffine sections. 
The observed metabolic figures were then multiplied by the appropriate factors. 
In only 14 of the 71 cases was the amount of stroma increased sufficiently to 
warrant the application of a correctional factor. 

Experimental Results 

Normal Nodes . — Four normal nodes were examined. The average 
aerobic glycolj’sis was 0.020 mg., the average anaerobic glycolysis 0.054 
mg., and the average o.xj'gen consumption 5.7 c. mm. In this small 
series of cases there was a marked uniformity of the results. The 
average value U was 4.1, a figure entireh' consistent with that found by 
Warburg for normal hunphoid tissue, but slightly higher than that 
found in most normal tissues elsewhere in the body which, as has 
already been stated, usually have a negative U. These figures can 
probably be taken as representative of the normal h-mph node, and 
must be used as a determining value for further correlations. 

Lymphoma . — Lndcr this heading we here include lymphosarcoma, 
lymphatic leukemia, lymphocytoma, l,vmphob!astoma, and reticulum 
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cell sarcoma, but not Hodgkin’s disease. There were studied meta- 
bolically nodes from 14 such cases. In contradistinction to the normal 
nodes there was found to be a marked variation in the different factors 
making up the metabolism in these pathological cases. The average 
aerobic glycolysis was 0.063 mg., over three times that found in the 
normal series. Three cases had an aerobic glycolysis above 0.083 mg., 
and all of these cases were rapidly fatal, while in two cases the rate 
fell below 0.035 mg., and these also were highly malignant from a 
clinical point of view. No correlation, therefore, could be found between 
degree of malignancy and the rate of aerobic glycolysis. The nodes 
from case S-29-662 and those from case S-29-1574 gave almost identical 
figures for aerobic glycolysis, yet the former case is alive and well a year 
and a half later, while the latter case died in a few months. The 
average anaerobic glycolysis was 0.092 mg. One, a case of rapidly 
advancing lymphosarcoma (S-29-236), showed the extremely high 
figure of 0.206 mg., while another, a case of lymphosarcoma involving 
the stomach (S-29-1585), had a low figure of 0.047 mg. Again, no cor- 
relation can be traced. _ The oxygen consumption averaged 5.5 c. mm. 
per mg. hour with such extreme variations as 0.7 and 12.6, yet there 
was no apparent relation between the metabolic rates and either the 
pathological or the clinical findings. The value U averaged ll.S, 
thus placing these tumors tentatively in the neoplastic class. But 
again extreme variations occurred, as witness case S-29-100 A, a 
rapidly advancing and rapidly fatal lymphoma T\atli metastases to 
bone which had a U value of —1.7, and, on the other hand, S-29-236, 
a lymphosarcoma with a U of -1-47 and fatal in approximately the 
same time as the first case. Again case S-29-662 had a U value well 
above the general average for this class and well within the limits set 
by Warburg for malignancy, yet the case responded in a remarkable 
way to high voltage X-ray therapy and has remained well over a period 
of nearly 2 years. 

Hodgkin’s Disease . — Eighteen cases of typical Hodgkin’s disease 
were studied. We class as Hodgkin’s disease those nodes which show 
the typical multi-nucleated giant cells described by Dorothy Reed and 
by Sternberg. The tumor in some of the cases was very cellular, while 
in others it was sclerosed. The average aerobic glycolysis was 0.052 
mg., slightly lower than the corresponding figure for all other t}T3es of 
lymphoma. There was a remarkable tendency for the figures to vary 
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about the average Tvithin narrow limits, the lowest being 0.030 mg. and 
the highest 0.067 mg. The average oxygen consumption was 5.S 
c. mm. The anaerobic glycolytic rate was 0.074 mg., again slightly 
lower than that in the other lymphomata. The value U averaged 
7,3, slightly above the corresponding value for normal nodes but 
definitely below that for tuberculous nodeswhich was 10.3. From this 
it might be inferred that Hodgkin’s disease was infectious in nature, or 
at least not neoplastic, but it should be remembered that the 
lymphosarcoma S-29-100A had a value U of only —1.7, and another 
lymphosarcoma infiltrating the stomach and the parotid had a value 
of 3.4. On the other hand, a case of sclerosing Hodgkin’s disease 
(S-29-1152), responding weU to X-ray therapy, showed in the node a 
value U of 19.6, while another case, histologically similar and clini- 
cally rapidly fatal (S-29-1556) had a low value of 0.9. So it must be 
recognized that no very dear evidence is obtained as to the funda- 
mental nature of the lesions from these data. 

Tuberculosis . — Four cases of the cellular type of tuberculosis were 
studied. Necrotic or very fibrous nodes were exduded for obvious 
reasons. Here it was foxmd that the average aerobic glycolysis was 
0.055 mg,, and the average anaerobic 0.090 mg. The oxygen con- 
sumption ran high, averaging 8.2 c. mm., while the U a\'eraged 10.3. 
Nye and Parker (1930) have produced in animals lesions consisting of 
dosely packed mononudear cells identical with, or very similar to, 
those foimd in cellular tuberculosis. The lesion is particularly promi- 
nent and particularly pure in the lung, and examination of the involved 
lungs from these animals showed that they had an aerobic glycolysis of 
0.05 mg. and anaerobic of 0,09 mg., a U of 15. The similarity between 
these figures and those of human tuberculosis is obdous, and the 
figures indicate that the type cell rather than the etiological agent or 
the fundamental nature of the disease is responsible for the character 
of the metabolism. If one attempts to dassify tuberculosis on the 
basis of Warburg’s figures one is forced to admit that here again is an 
obdous e.xccption to his genera! rule; for the observed figures alone 
would indicate rather sharply that the process is neoplastic. 

Carcir.ov.a. Thirteen cases of carcinomata involdng hanph nodes 
were examined. Here again, as in the case of Hodgkin's disease, due 
allowance was made, when ncccssaiy, for the presence of large amounts 
of physiologically inactive connective tissue. The averarc aerobic 
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glycolysis was 0.088 nig., a figure far higher than any other tissue 
previously examined, but rates as low as 0.032 mg. (S-29-1042) were 
found in a slowly grovnng, highly differentiated epidermoid carcinoma. 
Five cases had an aerobic glycolysis above 0.100 mg., and 10 were 
above 0.060 mg. The average anaerobic rate was 0.142 mg., but 
varied considerabty. With one exception, case S-29-1042 again, all 
were above 0.068 mg., and six cases yielded figures which were above 
0.150 mg. Oxygen consumption was consistently low, averaging 4.1 
c. mm. As was to be expected from Warburg’s work, the value U was 
very high, averaging 24, well over twice that for lymphoma and 
entirely in confirmation of Warburg’s findings. The highest U value 
was 40.4 in a rapidly groiving, highly malignant epidermoid carcinoma 
(S-28-2468). There seemed, indeed, to be some general correspond- 
ence between the value U and the degree of malignancy. Thus, S-29- 
1049, S-28-168J, and S-28-2468 all had a U value above 35 and were all 
highly malignant, while S-28-2524 and S-29-1042 were relatively 
benign, slow growing tumors, and each had a value below’^ 11. But 
the rule was by no means invariable. Rouglily the same crude 
parallelism could be traced between malignanc}’’ and anaerobic 
glycolysis, though again there ivere certain exceptions. 

Sarcoma . — -In all, thirteen cases of sarcoma were studied. In most 
cases the tumors investigated were primary foci and not metastatic 
in lymph nodes. The metabolism was striking and interesting, in that 
all figures were low. The average aerobic glycolysis was 0.017 mg., 
with comparatively little variation except in S-29-1803, where the 
figure was 0.036 mg. The average anaerobic glucose destruction was 
0.037 mg., again varying closely about the mean. The U value 
averaged only 4.9 and the oxygen consumption only 2.4 c. mm. It is 
be noted that all these figures are far below those of carcinoma. To be 
sure, S-28-1803 with a U of 12.6 comes into the malignant class, but 
the majority fell far short of it and yet they were all highly malignant 
tumors. S-29-2965, a melanotic sarcoma, had an anaerobic glycotytic 
rate of but 0.056 mg. with a U of but 7.4, yet it was one of the most 
rapidly growing tumors ever seen in this laboratory. The conclusion 
is obvious. Sarcomata do not appear to behave metabolically in the 
same manner as do carcinomata, and from their relatively low meta- 
bolic rates it is difficult to understand wherefrom they derive the 
great energy which must be required to favor their growth and 
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advance. If one figures, according to the method of Hawkins (1925) 
the energy requirements of a rapidly growing carcinoma such as S-29- 
1049, one finds that it produces anaerobically 0.093 calories per mg. 
dr^'- weight per hour, aerobically 0.206 calories. The same calculations 
applied to such an extremely rapidly growing sarcoma as S-29-2965 
show that anaerobically it produces but 0.020 calories and aerobically 
only 0.022 calories. Again the distinction, metabolically speaking, 
between carcinomata and sarcomata is ob\'ious. They do not behave 
in the same manner. It should be noted, however, that even car- 
cinoma itself does not appear in such experiments as these to e.xpend 
much energy in growing. Aerobically the average energy output of 
these series of carcinomata was 0.033 calories per mg. hour, anaerobi- 
cally 0.054 calories. The respective averages for sarcomata were 0.018 
and 0.014 and for benign tumors 0.049 and 0.006. 

Be^iign Tumors . — ^Three benign tumors were investigated. As was 
to be expected, their metabolism was low, the aerobic glycolysis being 
0.010 mg., and the anaerobic 0.017 mg., and the U 3.9— figures, it 
should be noted, not far from those of the highly malignant sarcoma. 
Their oxj^gen consumption averaged 2.4 c. mm. 

The degree of differentiation of various cells seemed rather definitely 
connected with the degree of difference between the aerobic and anae- 
robic glycolysis. 

For instance, Cases 9, 19, 33, 38, and 40 were tumors (carcinoma, 
Ijunphoma, etc.) composed of undifferentiated cells, and their percent- 
age difference was only 1 per cent, the highest being 8 per cent. On 
the contrar>', Cases 1, 8, 11, 12, 15, 16, 21, 30, 37, 41, 42, and 78 were 
all tumors composed of well differentiated cells, and the average differ- 
ence was 167 per cent. Case 12 (S-2S-2431) constituted an e.xccption 
in that it was a highly differentiated tumor (epidermoid cardnoma) 
vith a split of only 1 1 per cent. No correspondence was found to exist 
between the oxj'gcn consumption and the maturity of the cells, 
though Glover, Daland and Schmitz (1930) have found with \vhitc 
blood cells of both the myeloid and hunphoid series a definite increase 
of oxygen consumption ndth increasing maturity. This tlicy found to 
hold true only when the cells were studicrl in whole blood but not 
when they were suspended in Ringer’s solution. For various reasons 
they believed that whole blood gave more accurate information. 
Exceptions to this genc.-al rale (the greater the dfricrcnce l.'etwrcn 
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aerobic and anaerobic glycolysis the greater the degree of cell dijffer- 
entiation) occurred in almost all the sarcomas, as witness S-29-1913, a 
highly differentiated tumor with a split of 0, and S-28-2721, an 
undifferentiated cell tumor with a split of 127 per cent. 

DISCUSSION 

It was hoped that evidence might be thrown on the question as to 
whether the malignant lymphomata are of infectious or neoplastic 
origin from this study of the aerobic and anaerobic glycolysis and the 
oxygen consumption of 71 lymph nodes and tumors. Careful com- 
parisons have been made between the microscopic pathology and the 
metabolism. The various metabolic rates were found to vary over so 
large a range that few generalizations can be made. There was, in 
general, a steady rise in both the aerobic and anaerobic glycolysis from 
the normal nodes through Hodgkin’s disease, the lymphoblastomata 
and tuberculous nodes to carcinomata. The sarcomata and benign 
tumors had very much lower rates. Their glycolysis, indeed, is not 
even of the same order of magnitude as that of the carcinomata. 
Much overlapping existed, however, so that from the metabolism alone 
one can not infallibly predict in which class the tissue will fall. Some 
lymphomata, for instance, had metabolic rates greater than those of 
some cancers. The oxygen consumpton seemed to bear little or no 
relation to the pathological picture. It was rather consistently low 
in carcinoma and tended to be high in tuberculosis and some cases of 
Hodgkin’s disease. The value U was over twice as high in the car- 
cinomata as in any other pathological class, but here again overlapping 
existed to a considerable extent so that a diagnosis of neoplasm could 
not be made on this basis alone. The U value for sarcoma was defi- 
nitely low, in no way approaching that of other malignant disease. 
The high metabolic rates found for tuberculous nodes indicated very 
clearly that the type of cell, rather than the nature of the underlying 
process, determined the character of the chemical changes. This fact 
was further borne out by the figures found for the rabbit lungs filled 
with mononuclears. Neither speed of growth nor degree of malig- 
nancy could be predicted from the glycolysis or oxygen consumption. 

The metabolic processes in the sarcomata were of unusual interest. 
The figures of our thirteen cases approached those of benign tumors 
and were in no way similar to those of carcinomata. Yet some of these 
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sarcomata were extremely malignant and rapidly growing. The 
number studied is small and it is quite possible that further investiga- 
tions win show that some human sarcomata have as high or even 
higher metabolic rates than do carcinomata of equal malignancy. 
Such is not our finding at present and further observations on sar- 
comata are in progress. 

Such metabolic rates as are reported here represent the chemical 
activity of the tissue during a relatively brief period of tissue existence. 
They do not necessarily represent the requirements of growii. One 
of the essential characteristics of neoplastic tissues is their unlimited, 
chaotic and purposeless growth. To study the chemistry of growth 
rather than that of mere existence one must determine the metabolic 
rates of tissues over a long period of time in tissue cultures. This is 
being done as a continuance of the present study. 

CONCLUSIONS 

From a study of the metabolism of 71 lymph nodes and tumors one 
may conclude: 

1. The nature of a tumor can not be predicted from the metabolism 
because too much overlapping of metabolic rates e.xists between the 
pathological groups. 

2. There is no evidence metabolically one way or another as to 
whether malignant lymphomata of any type should be classed as 
neoplastic or as infectious processes. 

3. The degree of cell differentiation can in most cases be foretold by 
the percentage difference between the aerobic and the anaerobic gly- 
colysis. The greater the differentiation the greater the percentage 
difference. Sarcomata in general constitute an c.xception to this rule. 

4. The degree of malignancj* in cardnoma, but not in other tumors, 
can,withcertainexccptions, be predicted from theheightof thevalueU. 

5. Human sarcomata appear to have a metabolism far more doscly 
comparable to that of benign tumors than to that of cardnomata. 
They do not behave as malignant tumors under the Warburg dassi- 
fication. Their cnerg)' requirements are not of the same order as 
those of cardnoma. 

6. One can not from the value U or from the glycolytic rates predict 
whether or not a tissue should be dassed as neoplastic. 

I . W arburg’s findings for cardnomata are confirmed and a.mp!ified. 
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TABLE I 


No. 

Path. No. 

?cr cent 

active 

tissue 

•Aerobic 

glycolysis 

•Anaero- 

bic 

glycolysis 

fOxygcn 

con- 

sump* 

Uon 

<'U” 

Aerobic- 
anaero- 
bic split 
per cent 

Diagnosis 

1 

28-1 68J 

■1 

0.116 

0.172 

3.2 

36.6 

48 

Carcinoma 

2 

28-157R 


0.071 

0.117 

6.4 

16.4 

65 

Rabbit lung mono- 
nuclears 

3 

28-158R 



0.106 

5.2 

16.1 

110 

it it 

4 

28-1S9R 


EESI 

0.100 

5.1 


96 

it it 

5 

28-1686 


Eli 

0.037 

2.0 

4.5 

9 

Lymphoma 

6 

28-1804 


0.066 

0.082 

4.4 

11.7 

24 

Hodgkin’s 

7 

28-2093 


0.041 

0.062 

4.6 

5.8 

46 

Hodgkin’s 

8 

28-2347 


0.009 

0.014 

1.0 

2.5 

56 

Carcinoid 

9 

28-2348 


imirai 

0.069 

5.0 

7.5 

0 

Hodgkin’s 

10 

28-2370 


EEH 

0.033 

0.6 

6.5 

37 

Normal node 

11 . 

28-2385 



0.028 

2.3 

2.4 

65 

Arachnoidal fibroblas- 
toma 

12 

28-2431 

SO 

0.140 

0.156 

6.4 

20.6 

11 

Carcinoma 

13 

28-2454 


0.096 

0.126 

9.5 

12.2 

31 

Tuberculosis 

14 

28-2467 


0.055 

0.082 

1.8 

17.9 

51 

Hodgkin’s 

IS 

28-2468 


0.087 

0.198 

4.5 

40.4 

127 

Carcinoma 

16 

28-2475 


0.114 

0.138 

2.1 

30.3 

21 

Carcinoma 

17 

28-2494 


0.078 


7.5 

10.0 

28 

Hodgkin’s 

18 

28-2516 


0.040 


4.4 

8.4 

73 

Tuberculosis 

19 

28-2524 


0.096 

HE 

8.4 

7.2 

0 

Carcinoma 

20 

28-2554 


0.026 


4.8 

1.4 

70 

Endothelioma 

21 

28-2596 


0.028 


3.7 

5.3 

82 

Normal nodes 

22 

28-2611 

60 

0.054 


7.8 

3.1 

40 

Reticulum cell sar- 
coma 

23 

28-2625 

H !! 

0.050 


5.5 

11.5 

80 

Hodgkin’s 

24 

28-2665 

B !! 

0.067 

ImRiB 

6.4 

11.2 

43 

Hodgkin’s 

25 

28-2703 

B !! 

0.049 

0.056 

5.3 

3.6 

16 

Hodgkin’s 

26 

28-2707 

B !! 

0.019 

ISil 

2.1 

5.8 

110 

Meningioma 

27 

28-2721 

B M 

0.014 


1.4 

5.2 

127 

Sarcoma 

28 

28-2758 

Bm 


0.123 

7.0 

16.8 

61 

Carcinoma 

29 

28-2775 




2.8 

0.4 

71 

Fibrosarcoma 

30 

28-2795 

BR! 

0.056 

0.078 


9.3 

39 

Reticulum cell sar- 
coma 

31 

28-2917 

75 


Wm 


13.6 

8 

Carcinoma 

32 

28-2931 




6.8 

11.7 

35 

Hodgkin’s 

33 

28-3075 




2.4 

5.7 

121 

Normal node 


* Expressed in mg. per 10 mg. dry weight per hour, 
t “ “ c. mm. per mg. dry weight per hour. 
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TABLE I — Concluded 


No. 

No. 

Per cent 
active 
tissue 

•Aerobic 

glycolysis 

•Anaero- 

bic 

glycolj^is 

tOiysen 

ran- 

sump- 

tion 


Acrubic- 
anacr(> 
Kc split 
per cent 

Biagncsis 

34 

29-lOOA 

100 

0.090 

0.093 

12.5 

-1.7 

3 

L>mphoma 

35 

29-236 

100 


0.206 

1.8 

47.9 

149 

Ljmphoma 

36 

29-266 

20 

0.115 

0.115 

4.5 

17.8 

0 

Carcinoma 

37 

29-365 

100 

0.059 

0.075 

2.5 

13.8 

27 

LjTnphoma 

38 

29-399 

100 

0.044 

0.045 

0.7 

9.8 

2 

Ljinphoma 

39 

29-585 

100 


0.095 

1.6 

20.5 

330 

LjTnphoma 

40 

29-628 

100 


0.012 

4.4 

-8.5 

1000 

Glioma 

41 

29-639 

100 



11.8 

-1.1 

800 

Normal node 

42 

29-640 

100 

0.030 


4.7 

4.1 

64 

Hodgkin’s 

43 

29-662 

100 


0.136 

8.6 

16.8 

77 

LjTnphoma 

44 

29-1027 

100 

0.019 


4.0 

10.5 

290 

Tuberculosis 

45 

29-1042 

75 

0.032 


2.0 

10.0 

SO 

Carcinoma 

46 

29-1049 

50 


0.250 

29.5 

35.5 

67 

Carcinoma 

47 

29-1152 

100 

0.047 

0.100 

2.7 

19.6 

112 

Hodgkin’s 

48 

29-1279 

100 


0.100 

6.4 

12.2 

0 

LjTnphoma 

49 

29-1556 

100 


0.031 

3.4 

0.9 

32 

Hodgkin’s 

50 

29-1574 

100 

0.071 

0.071 

6.4 

4.9 

0 

LjTnphoma 

51 

29-1585 

100 


0.047 

4.8 

3.4 

0 

LjTnphoma 

52 

29-1754 

100 



9.7 

0.3 

14 

Hodgkin’s 

53 

29-1778 

100 

0.059 

0.105 

2.3 

20.9 

78 

Carcinoma 

54 

29-1802 

100 


0.057 

4.3 

5.6 

21 

Hodgkin’s 

55 

27-1803 

100 

0.036 

0.077 

3.3 

12.6 

114 

Fibrosarcoma 

56 

29-1834 

100 


0.068 

8.9 

-0.9 

58 

Hodgkin’s 

57 

29-1913 

100 


0.016 

1.2 

2.9 

0 

Fibrosarcoma 

58 

29-2066 

33 

0.042 

0.163 

3.9 

54.2 

300 

Carcinoma 

59 

29-2309 

20 

0.050 

0.200 

10.0 

30.0 

500 

Carcinoma 

60 

29-2368 

100 

0.032 


5.3 

6.1 

110 

HodcUn’s 

61 

29-2636 

100 

0.041 

0.054 

4.9 

1.6 

52 

Hodgkin’s 

62 

29-2651 

100 

0 056 

0.065 

6.5 

3.3 

41 

Hodg’*;in’s 

63 

29-J-l 

100 


0.024 

1.9 

2.2 

41 

Osteogenic sarcoma 

« 

29-J-2 

100 



0.8 

2.1 

50 

Sarcoma 

65 

29-2S66 

• 100 

1 0.030 


2.3 

10.4 

100 

Fibrosarcoma 

66 

29-2965 

100 


0.056 

3 .3 

7 4 

133 

2>Iclanotic sarcoma 

67 

30-396 

100 



3.9 

7 2 

232 

M \'Tof;brc>sa.’cc(ma 

6S 

30-600 

100 

0.062 


10.4 

9 2 

95 

L^*rr.phor^i 

69 

30-6S2 

100 

mn 


1.2 

4 3 

CO 

Fibrosarcoma 

TO 

30-76S 

100 

0.061 

HBiB 

12.6 

ma 

77 

I.STT.phcm.a 

71 

29-665 

50 

0.012 

1 0.056 

9.6 

Bl 

2S 

Mebsnotic sarcoma 
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SEROLOGICAL REACTIONS IN PNEUAIONLA "UTTH A NON- 
PROTEIN SOMATIC FRACTION OF PNEUilOCOCCUS* 

By \\TLLIAir S. TILLETT, M.D., akd THOMAS FRAXCIS, Je., M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 26, 1930) 

It has been shown (1) that pneumococci contain tv,-o constituents 
which are chemically and antigenically distinct. One of these, the 
t>'pe-specific component, is a complex polysaccharide, predominantly 
present in the capsule of the organism; the other, a substance common 
to the pneumococcus species, is the so-called nucleoprotein, contained 
for the most part in the body of the cell. That these two chemically 
distinct fractions are responsible for the production of two qualita- 
tively different antibodies has been demonstrated (1, 2). 

The present report is based upon observations made with a third 
fraction derived from pneumococci and chemically distinct from both 
tjT)e-specific capsular polysaccharide and non-tj-pe-specific somatic 
nucleoprotein. For purposes of reference this substance is designated 
Fraction C. The chemical nature of Fraction C and the method of 
purification together v.ith certain experimental observations arc 
presented in a separate communication (3). In this report it is suffi- 
cient to state that Fraction C is a non-protein material of somatic 
origin and appears to be a carbohydrate common to the pneumococcus 
species. Although final proof of its exact nature rests upon chemical 
anah’sis, nevertheless convincing evidence of the separate identity of 
Fraction C is brought out by the serological reactions to be dc.^cribed. 

Material and Mclhods 

Prcpa'a!:or, of I-ra:!icr. C . — The material crnploycd ia the fcroloeical tests 
derived from a (karaded, non-t>7>c-Fpecif;c R strain of P.-.c-amoro-cces. .\ strain 
of this character vas employed in order to minimise the presence rd t'.pe 5‘'>s*c:f:c 
carbohydrate. Fraction C was obtained in the fo'.lov,ina manner; Tr.c craani'rr.: 


* PrcsentC'.I before the .\mcr;can Socictv for CLinical Ir.'.'mtiaatiaa at a meetiaa 
held in .\tlantic City, May 5, 1930. 
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contained in several liters of full-grown broth culture of an R strain were centri- 
fuged and resuspended in normal salt solution in 60 to 100-fold concentration. 
The bacteria were then frozen and thawed several times until dissolution had been 
effected. 0.3 cc. to 0.5 cc. of normal acetic acid was added and the solution boiled 
for 8 to 10 minutes. The heavy coagulum thus formed was removed by centrifuga- 
tion. Acidulation and boiling were repeated to insure removal of all acid and heat 
precipitable material. ' The final water-clear supernatant fluid, neutralized with 
normal NaOH, contained Fraction C. Material prepared according to this simple 
procedure was comparable in reactivity and specificity to more highlj- purified 
preparations. Consequentlj', further steps in purification were not, as a rule, 
carried out. Some lots, however, were treated by repeated precipitation with 4 to 
5 volumes of 95 per cent alcohol. 

In the charts the reaction is represented as occurring in dilutions of C substance 
as high as 1 to 640,000. This figure is only appro.vimate since a quantitative 
estimation was not made on all lots of material. However, accurate measurement 
was made with one sample; using it as a standard some of the sera were re-tested 
and found to react with a 1 to 1,000,000 dilution. Consequently the approximate 
figures given are believed to be conservative estimates. 

The chemical fractionation of numerous bacteria by procedures similar in many 
respects to that just described, has been reported by others. Pick (4) derived from 
typhoid bacilli an apparently non-protein substance which reacted especially in 
immune serum. Zinsser (5) and Zinsser and Parker (6) isolated so-called residue 
antigens from tubercle bacilli, pneumococci, staphylococci, influenza bacilli, and 
typhoid bacilli. Laidlaw and Dudley (7) obtained a carbohydrate from tubercle 
bacilli. Furth and Landsteiner (8) obtained from typhoid and paratiqjhoid B 
cultures three fractions, one of which appeared to be non-protein. Day (9) 
derived from staphylococci an “antigenic specific substance.” Lancefield (10) 
separated a somatic carbohydrate from hemolytic streptococci which she designated 
Fraction C and which is comparable in many respects to the pneumococcus Frac- 
tion C. 

Pneumococcus Typc-Spccific Polysaccharides . — The preparations employed were 
made according to the method described by Heidelberger and Avery (11). 

PneumococcJis Nucleoprolcin . — The material was made by precipitation with 
acetic acid in the cold as described by Avery and Morgan (12) . 

'Precipitin Tests. — 0.2 cc. test senun was diluted to 0.5 cc. with physiological 
salt solution; to this was added an equal volume of varying dilutions of precipitino- 
gens. Final readings were made after the mixtures had been kept in water bath at 
37° for 2 hours and over night in the ice box. 

Agglutination Tests. — 0.5 cc. of varying dilutions of serum was added to 0.5 cc. 
of heat-killed pneiunococci suspended in physiological salt solution. The tubes 
were incubated at 37° for 2 hours and allowed to stand overnight in the ice box 
before final reading was made. 
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Sera obtained at frequent intervals from patients acutely ill with 
pneumonia or convalescent from the disease have been mixed with 
varying dilutions of Fraction C and the presence or absence of pre- 
cipitation noted. Charts 1 and 2 illustrate results which have been 
repeatedly obtained. 

Chart 1 gives the results of observations in a case of Type II pneu- 
mococcus pneumonia. Serum obtained on admission to the hospital 
in. the third day of disease reacted with high dilutions of Fraction C. 


KS. Type a 



Chart 1 


This reactive capacity dropped slightly on the day of crisis and com- 
pletely disappeared in the ne.vt 2 daj-s. 

Chart 2 presents a similar course of events obtained with serum 
derived from a patient suffering from Group IV pneumococcus pneu- 
monia. The phenomenon exhibited in Charts I and 2 has been ob- 
scr\’ed in eacli of 50 patients ill with pneumococcus pneumonia. In 
each instance it has been found that serum obtaineti during tl'.e acute 
stage possesses a high litre of precipitins for Fraction C. day or 
two after recover}’ this precipitating power is no longer detectable. 
The occurrence of the phenomenon is unrclatc'.l to the t>'i>c of Pneu- 



564 SEROLOGICAL REACTIONS IN PNEUMONIA 

mococcus causing infection. The fact that serum obtained from 
patients on admission possessed, in every instance, anti-C precipitins 
is evidence of the early appearance of the reactivity. The serum 
obtained from one patient as early as 18 hours after the initial chill 
reacted with high dilutions of C substance. Individuals who suc- 
cumbed to the disease maintained C precipitins until death. The 
age of patients, whose sera have been tested, ranged from 7 years to 

G.B. Group!? pneumococcus pneumonia 

Day oj 

disease 4 5 6 7 8 9 10 II 12 13 14 15 16 H 18 19 20 21 22 23 


bilMSS 


HHIBB 

bbBbIt 

SHBSr 




1-640,000 
1-320,000 
1-160,000 
1- 80,000 
1- 40,000 
1 - 20,000 
1 - 10,000 



Jk Approximate estimation 


Chart 2 


65 years; the phenomenon was present in the youngest and oldest. 
Sera from normal individuals have not been found to possess demon- 
strable precipitins for Fraction C. 

The observations on the serological reactivity of pneumococcus Fraction C 
presented in this report are limited to precipitin tests made with sera from patients. 
However, it may be mentioned that antipneumococcus sera derived from animals, 
in some instances, precipitate Fraction C. This is particularly demonstrable 
with the antipneumococcus horse sera* used for typing of pneumococci. The 


* The antipneumococcus horse sera were obtained through the courtesy of Dr. 
A. B. Wadsworth from the New York State Board of Health Laboratories, Albany, 
New York. 
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available lots of antisera of Tj-pes I, If and III all precipitate Fraction C, Tj'pe III 
serum apparently reacting in highest litre. Of sera derived from 24 rabbits 
immunized ■with either Types I, n, in, or R pneumococci, only 3 possessed 
demonstrable anti-C precipitins; each of these animals had received heat-killed 

IR. Type 2 pneuciococcus pneumania 
4 5 6 1 8 9l0Il!2 13 14 15Bni3J3Z3212:23t4 25t)2i 


I I I I I i i I M I ; M M 


'mil 


pfarmal temperattre i 


! 1 
7777 

■Vi 

Mill 

IType tpccjjic e^gluunins 
f~ Mil ; 


Prccipitins jDr 
=•• 11 :: 'C* fntcticn 

o' 


c\iliurcs 01 Tn'pc III PDCur7^i>coccu5. At tbc present tirnc the 

favor the production cxpvcrimentallyof anti-C .antibodies arc nn*. ur. ice f> d. 

For puqxjsc’-s of comparison, sera de-dvcil [.'■orn paticrjts ditrintr flic 
course of pneumonia '.vere tested for the presence of taj-e-rT'ecinc 
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antibodies and for pneumococcus protein antibodies as well as for C 
precipitins. The results when charted in relation to the course of 
pneumonia, present three different curves of antibody titre. Observa- 
tions of this character are presented in Chart 3. 

From Chart 3 it will be seen that type-specific antibodies are absent 
during the acute illness and are first demonstrable at the time of 
crisis, whereas precipitins for C substance are present in high titre 
during the febrile stage and are no longer detectable a few days after 


H.C. Indocardltio (Streptococcus hemolyUcus) 



Chart 4 

the critical fall in temperature. Antiprotein antibodies do not vary 
markedly during the course of illness, although there seems to be a 
slight reduction in titre as .convalescence progresses. Observations 
similar to those given in Chart 3 have been made on twenty cases of 
pneumonia. It is an interesting fact, therefore, that with three 
chemically distinct fractions derived from the same bacterial cell, 
serological reactions involving three qualitatively different antibodies 
may be demonstrated during the progress of pneumococcus 
pneumonia. 
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Up to this point the report has been limited to the results obtained 
■with the sera of patients suffering from pneumococcus infection. A 
limited number of indi'viduals acutely ill ■with other febrile diseases 
have been available for comparative tests. Four cases of hemolytic 
streptococcus infection ending fatally were observed from admission 
to the hospital until death. Three of these had streptococcus pneu- 
monia. In each instance their sera precipitated pneumococcus Frac- 
tion C equally as well as did sera from cases of pneumococcus pneu- 
monia. The fourth patient had malignant endocarditis; hepaolytic 
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streptococci in large numbers were repeatedly demonstrated in blood 
cultures. The result of serological tests made with pneumococcus C 
substance in this case is presented in Chart 4. 

As can be seen from Chart 4 the patient's serum maintained through- 
out the illness the capacity to react in high titre with C substance of 
Pneumococcus. 

Fifteen cases of acute rheumatic fever have been fo'.Io'.ve i !)V s:m:!.ar 
serological tests through stages of active difca-e and remi-don. 
Chart 5 records the results obt.ained in one of this croup. 
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As demonstrated by Chart 5 the course of the temperature and the 
capacity of the patient’s serum to precipitate pneumococcus Fraction 
C closel}'’ parallel each other. The same relations were found to hold 
in the other fourteen cases of rheumatic fever. All of the patients at 
the time of elevated temperature e.vhibited symptoms and signs of 
active disease. 


TABLE I 


Reaciipns with Fraction C in Febrile Diseases Other than Pneumococcus Pneumonia 


Patient 

Disease 

j 

Tempera- 

•Dilutions of Fraction C 




1-10,000 



Das 

Malaria 

104° 

1 

_ 1 



— 

Mek 

Lung abscess 


+ 

+ + 

+ + + 

Fol 

Cirrhosis of liver 

103° 

— 

— 

— 

Mit 

Typhoid fever? 

104° 

— 

— 

— 

Rid 

Pericarditis, rheu- 
matic origin 

O 

O 

+ 

+ + 

+ + 

Reg 

Unexplained anaemia 

104° 

— 

— 

— 

Hag 

Tuberculosis of lungs 

102.5° 

± 

— 

— 

Mer 

Unexplained fever — 
Tbc.? 

103.5° 

— 

— 

— 

Hin; 

1 

Osteomyelitis (staph- 
ylococcus) 

105° 

+ + + 

+ + + 

++ 

McD 

Measles 

o 

CO 

o 

— 

— 

— 

Pe 

Chicken pox 

103° 

— 

— 

— 

Mac 

Endocarditis (Strep- 
tococcus viridans) , 

104° 

-f- 

-f- 

rh 


* Approximate estimation. 


In addition to the hemolytic streptococcus infections and cases of 
acute rheumatic fever just mentioned, single tests were made on sera 
obtained in a miscellaneous group of diseases. The results are listed 
in Table I. 

From Table I it can be seen that patients, whose sera precipitated 
pneumococcus Fraction C, were in each instance suffering from disease 
associated ^vith Gram positive cocci. The number of cases so far 
available is too few to attach undue significance to this point. How- 
ever, the results suggest that etiological agent and serological reac- 
ti\fity wfith Fraction C may have some causal relationship. 
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DISCUSSION 

The obsen^ations recorded in this communication have been made 
with a constituent of pneumococcus cells which is chemically distinct 
from both the tj-pe-spedfic capsular carbohydrate and the somatic 
nucleoprotein. Although pneumococcus Fraction C in aU prob- 
ability is a nitrogenous sugar, it differs from the soluble spedfic sub- 
stance in that it possesses no UTpe-spedfidty and is contained, as a 
common spedes constituent, within the body of the cells. Pneumo- 
coccus Fraction C appears to be analogous to the somatic carbo- 
hydrate isolated from hemolvTic streptococci by Lancefield (10). 

By testing sera obtained from cases of lobar pneumonia during the 
progress of the disease two interesting observations were made. The 
first of these is the early appearance of predpitins for C substance and 
the second is the complete disappearance of the phenomenon 1 to 3 
days after crisis. Sera obtained from patients on the day of admis- 
sion to the hospital have in every instance reacted nith Fraction C. 
This was true even of cases admitted in the first 24 hours of disease. 
Since the serum of no normal indiddual has e.dfibited this reaction, 
the appearance of C precipitins is associated dosely \dth the onset of 
pneumonia. Although an e.\planation of the phenomenon is not yet 
avdlable, a possible interpretation is suggested by the so-called 
“anamnestic” reaction. Cole (13) found that in an animal which 
had prcdously been immunized and in which the antibodies in the 
blood had disappeared a subsequent injection of the original anti- 
gen caused antibodies to reappear more rapidly than did the primarj' 
injections. Biding (14) eroplodng two antigens {B. dyscrJcriac and 
B. typhosus), found that the reinjection of one brought back heterol- 
ogous as well as homologous antibodies. In the course of similar 
c.Kpcrimcnts McKenzie and Friihbauer (15) using four antigens of 
remote biological origin were able to cause heterologous antil>oflics 
promptly to reappear by the injection of one antigen. .Applsang the 
principles involved in the “anamnestic” reaction to the ol>.-er\'ations 
recorded in this paper, it is possible that the occurrence of pneumo- 
coccus C precipitins early in pneumonia may be determined ijy a 
predous e.cperic.nce of the indiNndual vrilh some suitable bacteria! 
antigen. 

In addition to the observations with Fraction C. tlie invc.'tigr.tion 
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was extended to include a more complete study of the occurrence 
during pneumonia of antibodies reactive ivith pneumococcus con- 
stituents. In these latter experiments, therefore, tests were made for 
antibodies reactive with: 1. Type-specific capsular polysaccharide; 
2. Non-type-specific somatic polysaccharide; 3. Non-type-specific 
somatic nucleoprotein. By charting the result of these serological 
reactions with reference to the course of the disease, the occurrence of 
each of the qualitatively different antibodies was shown to follow a 
different course. It is an interesting fact, therefore, that during a 
single infection, the body responds in such a manner that antibodies 
reactive with different components of the causative organism become 
demonstrable at different stages of the disease. The results serve to 
illustrate the complexity of the immunological mechanism which 
presides over the response to bacterial infection. The observations 
recorded in this paper also demonstrate that the reactivity of a 
patient’s serum with pneumococcus C substance is not specific for 
pneumococcus infection. Sera from a limited number of febrile dis- 
eases due to other causes have been tested. In this small group, 
precipitation of C fraction occurred most definitely in those instances 
where Gram positive cocci were proven to be or were suspected of 
being the etiological agent. If the implications contained in these 
few cases are substantiated by a larger number of tests the results 
suggest some, as yet undetermined, broad relationship existing 
among certain bacterial infections. 

SUMMARY 

1. Sera from individuals acutely ill with lobar pneumonia possess 
the capacity to precipitate in high titre a non-protein somatic fraction 
derived from pneumococci (Fraction C) . Following crisis the reaction 
is no longer demonstrable. 

2. Sera obtained from cases of pneumococcus pneumonia during 
illness and convalescence have been tested for antibodies specifically 
reactive with three chemically distinct constituents of Pneumococcus. 
The results, when correlated with the course of disease, demonstrate 
differences in the occurrence of each qualitatively distinct antibody. 

3. The precipitation of pneumococcus Fraction C is not limited to 
the sera of individuals ill with pneumococcus infection. But in the 
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few other cases available for comparative tests, definite reactions 
have been obtained only in streptococcus and staphylococcus infec- 
tions and in acute rheumatic fever. 
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CUTANEOUS REACTIONS IN PNEUMONIA. THE DE- 
VELOPMENT OF ANTIBODIES FOLLOVTNG THE INTRA- 
DEKMAL INJECTION OF TYPE-SPECIFIC 
POLYSACCHARIDE 

By THOilAS FRANCIS, Jr., M.D., aot WILLIAAI S. TILLETT, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 26, 1930) 

In a previous communication (1) the occurrence of cutaneous re- 
actions to the polysaccharides and proteins of Pneumococcus during 
lobar pneumonia was reported. The investigation disclosed the 
interesting fact that the capsular carbohj’drates of Pneumococcus were 
capable of inciting a reaction when injected intradermally. The 
character of the response and the conditions under which it was 
obtained are briefly summarized as follows : The characteristic reaction 
is the development of an immediate udical and erythema at the site of 
injection; a positive reaction was first elicited at or about the time of 
crisis; it was produced onh* bj* the polysaccharide homologous in Upc 
to that of the Pneumococcus causing the disease; at the time of reac- 
tion Uiie-specific antibodies for the homologous organism were 
demonstrable in the patient's scrum. 

In contrast to the polysaccharides, the so-called nuclcoprotein frac- 
tion of the Pneumococcus evoked a delayed response which reaches its 
height in 24 hours. It simulated in appearance tlie tuberculin reaction. 
The protein reaction generally appeared first early in convalescence 
and tended to become progressively more marked during the course of 
recover}'. Circulating antibodies for the nuclcoprotein were present 
in approximately equal concentrations during the periods of acute 
illness and recovery. T.he protein reaction bore no sjX'dnc relation 
to the t>'i)eof Pncumococais producing the infection. 

The present report includes further observations on cutanv-ous re- 
actions to pneumococcus fractions and de.als especially wiili tlie .ap;>car- 
ance of antibodies for more than on- specific t>']>e of Pneumococcus 
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in the serum of convalescent patients. The individuals whose sera 
presented these unusual reactions had received repeated intradermal 
injections of the pneumococcus carbohydrates. The possible rela- 
tionships between the repeated injection of the specific substances and 
the antibody formation will be discussed. 

Materials and Methods 
A. Skin Test Materials 

1. Type-Specific Capsular Polysaccharides. — The type-specific polysaccharides 

were obtained in purified form from Types I, II and III Pneumococcus by the 
method of Heidelberger and Avery (2). They are chemically and serologically 
distinct and have been identified with the capsular material of the cell. The 
Type II and Type III polysaccharides are nitrogen-free; that of TjTie I contains 
5 per cent nitrogen as part of the sugar molecule (3). The polysaccharides were 
diluted in physiological salt solution to a concentration of 1:10,000 and 0.1 cc. 
containing 0.01 mg. of the specific soluble substance was injected intracutane- 
ously. Skin tests were repeated at intervals throughout the disease and con- 
valescence. ' 

2. Nuclcoprolein. — The nucleoprotein was prepared by the method of Aver}’ 
and Morgan (4) from an R strain derived from a Type II S organism. The 
material was standardized on the basis of nitrogen content and 0.01 mg. of protein 
in 0.1 cc. of physiological saline was used in all tests. These tests were repeated at 
approximately weekly intervals during the patient’s stay in hospital. 

B. Titration of Sera for Antibodies 

At intervals during the acute illness and convalescence samples of serum were 
obtained and tested for the presence or absence of circulating antibodies. 

1. Type-Specific Antibodies. — The presence in the serum of type-specific anti- 
bodies was determined by (a) agglutination, and (b) passive protection of mice. 

a. Type-Specific Agglutinins. — 0.5 cc. of varying dilutions of the serum to be 
tested was mixed with 0.5 cc. of a heat-killed suspension of type-specific pneumo- 
cocci. Final readings were made after the mixtures had been incubated for 2 
hours in the water bath and then placed in the ice box overnight. 

b. Passive Protection of Mice. — The capacity of patient’s serum to protect mice 
against infection was tested by the usual technique. 0.2 cc. of serum diluted to 
0.5 cc. with salt solution was employed. So far as possible each serum was tested 
against pneumococci of Types I, II and III. The cultures used were invariably 
fatal for mice in doses of 0.0000001 cc. 

2. Antibodies for Nucleoprotein. — Antibodies for the nucleoprotein material 
were determined by the precipitin reaction as previously described (1). 
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A study of the cutaneous response to the injections of the type- 
specific polysaccharides of the Pneumococcus and of the occurrence of 
circulating antibodies has been made in 74 cases of lobar pneumonia. 
The results confirm earlier observations and may be briefly summarized 
as follows : Positive reactions were elicited only with the homologous 
polysaccharide at crisis or shortly thereafter; homologous type- 
specific antibodies were demonstrable in the serum of each reactive 
patient. In no instance was a positive skin reaction to a polysac- 
charide obtained in the absence of circulating antibodies for the type 
of Pneiunococcus from which the polysaccharide was derived. Table 


TABLE I 

The Incidence of Cutaneous Reactions to the Homologous Polysaccharide in Con- 
valescent Patients 


Type of infectins organism 

No. palisnts 

No. positive reaction 

Per cent pving posidve 
reactions 

I 

21 

21 

100 

n 

17 

10 

58.8 

m 

9 

4 

44.4 


13 recovered cases of Group R'' — no reactions to pol>'saccharides of Tj^pes I, 

n, m. 

5 recovered cases of Type II (atypical) — no reactions to polysaccharides of 
Types I, n, m. 

9 fatal cases of various tjnpes — no reactions to polysaccharides of Types I, 

n, m. 

I shows the relative frequency of positive reactions to the homologous 
type of polysaccharide in patients convalescent from Type I, II or rU 
pneumonia. All but 4 of the Type I cases were treated with anti- 
pneumococcus Type I serum. 

From Table I it can be seen that positive cutaneous reactions were 
obtained in all of the Type I cases and in approximately 50 per cent of 
the Types II and HI patients. The polysaccharides of Types I, H 
and ill elicited no resjronse in the 13 Group IV and the 5 a^qilcal 
Type H patients. The absence of reactivity in the 9 fatal cases agrees 
with earlier experiences in that in patients with lethal termination 
no reaction was obtained. 12 patients convalescent from Type H 
or Type HI pneumonia also failed to react but in 8 of them no reaction 








576 


CUTANEOUS REACTIONS IN PNEUMONIA 


would be expected since their sera contained no circulating antibodies; 
the sera of the remaining 4 patients contained circulating antibodies 
but no reaction to the polysaccharide occurred. Thus, of the en- 
tire group of patients included in Table I a positive skin reaction 
was expected in 39 by virtue of the fact that they were recovered 
cases of Type I, II or III infection whose sera contained type-specific 
antibodies. Positive reactions were obtained in 35 of them. 

The cutaneous response to the nucleoprotein fraction of the Pneumo- 
coccus was studied in the same group of cases. The results have 
confirmed the validity of the earlier conclusions. The delayed pro- 
tein reaction appeared fiirst during convalescence. The reactivity of 
the patient did not appear to be influenced by the titer of circulating 
antibodies for the protein fraction. 

Occurretice of Antibodies to Heterologous Types of Pneumococcus 

Other observers have repeatedly demonstrated the occurrence of 
circulating antibodies for the homologous type of Pneumococcus at or 
about the time of crisis. The present investigation confirms these 
results and, in addition, discloses the fact that at the time when type- 
specific antibodies are first demonstrable in the blood the patient 
becomes reactive to the cutaneous injection of the homologous type- 
specific polysaccharide. The reactions have been specifically limited 
to the homologous types. In the present study repeated tests were 
made with the type-specific polysaccharides of Types I, II and III 
with a view to determining the length of time through which the 
reactive capacity might persist. In view of the fact that positive 
results at the time of recovery were strictly limited to the homologous 
type, it was rather surprising to observe after repeated tests that a 
positive skin reaction was obtained in certain instances with a polysac- 
charide of heterologous type as well. With the appearance of the 
skin reaction to the heterologous polysaccharide, circulating antibodies 
for the heterologous type of Pneumococcus were demonstrable in tlie 
patient’s serum, in addition to those for the homologous t 3 p)e. The 
chief interest in this report, therefore, is concerned with the develop- 
ment of specific antibodies for more than one t 3 p)e of Pneumococcus 
in patients who have repeatedly received intradermal injections of 
type-specific carbohydrates. These “additional” antibodies were 
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characterized by the fact that they were heterologous in type to that 
of the infecting organism and were not demonstrable at crisis but 
appeared 1 to 3 weeks after the patient’s recovery. These features 
were disclosed as a result of what at first appeared to be a discrepancy 
in specificity of the cutaneous reaction. The results can be more 
clearly brought out by describing in detail the course of events in one 
patient. 

M, A.,s. girl of 14 years, suffering from Type II pneumonia was admitted on the 
second day of disease. No circulating antibodies were demonstrable in the 
patient’s serum at this time. Crisis occurred on the tenth day. On the thirteenth 
day skin tests with the polysaccharides of Types 1, 11 and III revealed a positive 
reaction only to the Type n material. The serum taken shortly thereafter con- 
tained circulating antibodies for Tjpie II Pneumococcus alone. 8 days after the 
first test the skin tests were repeated and at this time positive reactions occurred 
both to Type II and Type I polysaccharides. At this time her serum contained 
antibodies for T 3 T)e I as well as for Type H Pneumococcus. (See Chart 1.) 

Because of the appearance of heterologous antibodies and skin re- 
actions a series of patients was studied in order to determine the 
frequency with which the phenomenon occurred. Skin tests and 
antibody determinations were made at varying intervals in 18 patients. 
Of these, 3 were cases of T 3 T)e I pnetimonia, 7 of Type H, 3 of Type IH 
and 5 of Group IV. At or about the time of crisis antibodies for the 
homologous type of Pneumococcus appeared in all but 2 of the Types I, 
n and in patients. In the Group IV cases tests were not carried 
out with the homologous organism. However, in no instance were 
heterologous antibodies demonstrable at that time. As convalescence 
progressed, repetition of skin tests and antibody determinations 
revealed that there had developed, since they were previously absent, 
specific antibodies and a positive skin reaction for at least one of the 
heterologous types of Pneumococcms. Table H shows the intervals 
between the appearance of homologous and heterologous antibodies 
in relation to the day of disease and recovery. 

From Table H it can be seen that in 10 of the 18 patients heterolo- 
gous antibodies were detected dimng convalescence; in 3 Type. I 
patients, 4 Type H, 2 Type m, and 1 of Group TV. In the great 
majority of cases the presence of circulating antibodies for the heterol- 
ogous type was first indicated by a positive skin test to the polysac- 
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TABLE II 

Dijfcrcuccs in Time of A ppearance of Homologous and Heterologous Antibodies in 
Patients Receiving Skin Tests with Type-Specific Polysaccharides 


Patient 

Antibodies to homologous 

type 

Antibodies to heterologous 
t>-pcs 

Day^of 

crisis 

Type 

Day observed 

T>tc 


L. H. (serum), No. 7165 

I 

3 



III 

17 

6 

M. P. (serum), No. 7263 

I 

8 


II 


14 

5 

F. R., No. 7253 

I 

9 


II 


22 

7 

M. C., No. 7183 

n 

14 

I 



19 

5 

G. M., No. 7248 

II 

10 

I 



19 

9 

E. C., No. 7269 

II 

11 

I 



18 

9 

M. A., No. 7261 

II 

IS 

I 



22 


H. R., No. 7262 

III 

6 


II 


19 





I 



26 

8 

K. R., No. 7143 

III 

5 

I 

II 


21 

4 

A. P., No. 7211 

IV 

Not determined 

I 



26 







III 

44 

7 

M. C., No. 7189 

1 

II 

15 

0 

0 

0 


8 

I. S., No. 7195 

II 

9 

0 

0 

0 



C. Q., No. 7225 

1 

II 

0 

0 

0 

0 


D 

J. F., No. 7171 

m 

0 

0 

0 

0 

1 


D 

G. B., No. 7178 







8 

R. F., No. 7256 







9 

T. R.’ No. 7197 

IV 

Not determined 

0 

0 

0 


5 

G. R., No. 7236 



i 




8 
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charide of that type. The type of Pneumococcus for which 
heterologous antibodies developed was in 7 instances Tj^ie I, in 4 Tj^pe 
n, and in 2 Type m. In 3 cases specific antibodies for 2 heterologous 
types appeared. Although the homologous antibodies were detecta- 
ble at the time of crisis, those for heterologous types were usually noted 
in the second week of convalescence, the earliest being 9 days after 
recovery, the latest 37 days after recovery. The period of time during 
which antibodies were detectable in the serum and skin reactivity 
remained positive varied from a few days to several months. 

These observations led to the hypothesis that the mechanism involved 
in the production of antibodies for heterologous types of Pneumococcus 
was associated with the intradermal inoculations of the type-specific 


TABLE m 

The Incidence of Type-Specific Antibodies in the Control Series of Patients 


Type of infecting oiganism 

Ko- cases 

Antibodies for horaologoos 
type of Pneumococcus 

Antibodies for heterolo- 
gous types of Pneumo- 
coccus 

1 

6 

5 

1* 

n 

6 

6 

1* 

m 

2 

2 


Group rv 

7 

Not detenaiaed 

!•* 


* Type in antibodies present during disease and recovery. 
** Type n antibodies present during disease and recoverj'. 


polysaccharides. In order to obtain more information on this point 
the next 21 pneumonia patients admitted to hospital were studied as 
controls. In this series no injections of the specific polysaccharides 
were made but the serum was tested at intervals for circulating type- 
specific antibodies to Pneumococcus Types I, H and EH. In the 
Group rV cases tests were not made for antibodies reactive with the 
infecting orgamsm. In most of the 21 cases homologous antibodies 
were observed at the time of recovery. However, in striking contrast 
to the group of patients whicii had received repeated injections of the 
specific soluble substance, no patient in the control series developed 
antibodies for a heterologous type. In only 3 patients (1 each of 
Types I, II and Group TV) antibodies for a type other than that of the 
infectious agent were observed. In these three instances the presence 
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of tlie heterologous antibodies was detected in low titre early in the 
acute illness and the concentration of the antibodies did not increase 
during convalescence. They, therefore, bear no apparent relation to 
tlie present infection but are presumably attributable to a preexisting 
state. This interpretation is substantiated by the fact that some nor- 
mal individuals possess in their serum type-specific antibodies. 

Table III presents the distribution of the tj^jes of Pneumococcus in 
the control group of patients and the number in whom circulating 
antibodies were detectable. 

The 21 patients who served as controls were comparable to the test 
group with regard to age incidence, distribution of types of infecting 
Pneumococcus, severity of the infection and period of observation. 

The patients in whom heterologous antibodies were observed, re- 
ceived injections of 0.01 mg. of the type-specific capsular polysac- 
charides derived from the Pneumococcus of Types I, II and III. 
The average number of injections before the appearance of antibodies 
for the corresponding type of Pneumococcus was three. In 3 cases the 
antibodies were detected after a single injection. The largest total 
amount which was followed by heterologous antibody production was 
0.05 mg. whereas in other cases heterologous antibodies did not de- 
velop even after the injection of as much as 0.08 mg. of the polysac- 
charides. These irregularities demonstrate the fact that the 
production of antibodies is not solely dependent upon the quantity of 
polysaccharides injected. The average time between the last injec- 
tion and the appearance of the antibodies was 6 to 10 days but in one 
case they were first detected 20 days after the last injection. The 
exact data regarding the individual patients in whom antibodies for 
heterologous types of Pneumococcus developed are presented in 
graphic form in composite charts. These charts show in relation to tlie 
day of disease, the time of appearance of type-specific agglutinins and 
mouse protective antibodies for homologous and heterologous types 
of Pneumococcus, the time, number and results of skin tests with the 
3 type-specific polysaccharides and the period during which the obser- 
vations were continued. 


DISCUSSION 

The primary interest of the present work centers in a group of 18 
cases of lobar pneumonia 10 of whom, in convalescence, developed 




CirAHT 1. The (Icvclopmcnl of helcvologous antibodies in patients receiving intradcnnal injections of 
type-specific polysaccharides. 
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circulating antibodies for at least one type of Pneumococcus heterolo- 
gous to that etiologically related to the disease. All of the patients in 
whom the phenomenon was observed had received repeated intra- 
dermal injections of 0.01 mg. of specific capsular polysaccharide from 
each of Types I, II and III Pneumococcus. Antibodies for the 
homologous t}Tpe of Pneumococcus appeared at about the time of 
crisis. Antibodies for heterologous types, on the other hand, appeared 
usually in the second week of convalescence after 1 to 5 injections of 
the respective pol^^saccharides. 

A control group of patients, 21 in number, received no skin tests. 
Their sera, in the great majority of instances, contained antibodies for 
the homologous type of Pneumococcus. In 3 of these cases antibodies 
for a heterologous type were present but the time of appearance 
differed from that of the antibodies observed in the first group in that 
they were detectable in low concentration not only in convalescence 
but during the acute illness as well. Nor was any increase in concen- 
tration observed during convalescence. Antibodies to the heterolo- 
gous types which were encountered in these 3 cases, apparently 
preexisted and their appearance is presumably unrelated to any inci- 
dent occurring in the course of the present infection. The validity of 
this supposition is borne out by the fact that type-specific antibodies 
may be found in the serum of certain normal individuals, who give no 
history of lobar pneumonia. But, in no case were heterologous anti- 
bodies first detected in convalescence unless the patient had prewously 
received intradermal injections of the type-specific polysaccharides. 

Many investigators have noted the presence of specific antibodies 
for the homologous strain or type of Pneumococcus in the blood of 
pneumonia patients at the time of crisis. Bacteriotropins (5, 6, 7), 
agglutinins (5, 7, 8, 9, 10, 11, 12) and protective antibodies (13, 14-, 
15, 6, 12) have all been demonstrated but so far as can be discovered, 
in no instance has the development of antibodies for a heterologous 
type been described. Cliickering (11) in 1914 followed the course of 
agglutinin production to all types throughout convalescence in 40 cases 
but found only antibodies for the homologous type. Clough (7) in 
1919, using the serum of patients convalescent from pneumonia due 
to Imown types of Pneumococcus, obtained similar results with 
phagocytic and agglutination reactions. In the sera of 25 normal 
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indi\-iduals, however, Clough (16) found protective antibodies for 
Type I in 4 of 18 tests, for Type II in 8 of 18 tests; and of 19 tests for 
Tj^e III antibodies, 8 were positive. Ward (20) tested the capacity 
of the defibrinated blood of normal indi\'iduals to inhibit the growth 
of pneumococci of Types I, II and III. In each instance a variable 
degree of pneumococcidal action was observed against one or more 
types of the organism. Furthermore, this property was present in 
the blood of patients early in the course of pneumonia even against 
the type of Pneiunococcus producing the infection. Robertson and 
Cornwell (21), emplojdng serum-leucocyte mixtures from normal 
hmnan beings, found that the blood of all persons tested by this method 
possessed pneumococcidal properties for at least one type of Pneumo- 
coccus and in the majority of instances for two or more types. 

In evaluating the factors involved in the production of antibodies 
for types of Pneumococcus heterologous to that causing the infection 
several possible mechanisms may be considered. 

It is possible that antibodies for other types were present before the 
onset of disease and were masked during the acute infection only to 
return with convalescence. Or that, present in minimal amounts 
before the disease, the infection served to cause an outpouring of anti- 
bodies in detectable concentrations, — the anamnestic reaction first 
observed by Cole (17). 

Interconvertibility of types as described by Griffith (18) and later 
studied by Dawson (19) offers a possible explanation. One might 
assume that with the development of type-specific antibodies to the 
homologous organism a change of type occurred and, as a result, 
antibodies to the secondary type appeared. 

The evidence presented in this report implicates the polysaccharides 
employed in intracutaneous tests and suggests that they were antigenic. 
On the basis of this assumption, the conditions under which the 
investigation was carried out may have favored antibody production. 
No previous data are available regarding the antigenidty in humans 
of the purified type-specific polysaccharides of the Pneumococcus. 
On the basis of animal experiments in this laboratory these substances, 
in the pure state, are considered non-antigenic. It is possible, how- 
ever, that in the process of recovery from infection, a highly reactive 
state exists in the human organism which responds to stimuli otherwise 
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ineffective. In the removal of the inflammatory material from its 
focus in the lungs, as takes place in pneumonic resolution, the absorbed 
material may act as an adjunct to the polysaccharides (the “Schleppe” 
of the German investigators) forming a combination possessing anti- 
genic properties. The polysaccharides which, under ordinary condi- 
tions, are haptens, may then acquire antigenic properties and determine 
the specificity of the antibodies produced. It is of course also possible 
that the particular preparations used in this study, although they were 
prepared with great care, still contained minute amounts of combined 
polysaccharides. 

At present it is impossible to offer any final statement as to the exact 
mechanism by which antibodies for the heterologous types are pro- 
duced. Further work is being carried on with normal individuals 
and patients in an attempt more completely to elucidate the factors 
which play a role in the development of these heterologous antibodies. 

SUMMARY 

The majority of patients convalescent from pneumonia due to 
Types I, II and III Pneumococcus develop at the time of recovery 
circulating antibodies for the homologous t}q)e of organisms. At the 
same time an immediate wheal and erythema reaction followed the 
intradermal injection of the homologous type-specific polysaccha- 
ride in 100 per cent of Type I patients, 58.8 per cent of Type II pa- 
tients, and 44 per cent of Type III patients. 

In a group of 18 patients repeatedly tested with the type-specific 
polysaccharides, 10 developed in the second or third week of convales- 
cence circulating antibodies for one or more heterologous types. In 
none of 21 control patients was this phenomenon observed. 

It is suggested that the development of circulating antibodies for 
heterologous t 3 q)es of Pneumococcus was associated with the previous 
intradermal injections of the type-specific polysaccharides. 
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VI a. T. lewisi Injeclion in Normal Albino Rats 

Though much evidence has been accumulating during recent years 
to indicate the importance of the reticulo-endothehal cells in resist- 
ance and antibody formation, little is known of the more fundamental 
controlling influences of this mechanism. In previous studies (1-5) 
we have gathered evidence of the importance of the suprarenal gland 
in antibody formation through the influence of the water balance in 
the tissues of the body. That the suprarenal glands are essential in 
the mechanism of natural resistance has been established through the 
work of several investigators and in previoxis work in this laboratory 
(6-9). In an effort to determine what part the suprarenal gland and 
other glands of internal secretion play in resistance to protozoan dis- 
eases, T. lewisi infection, a common disease of rodents, was studied. 

T. lewisi infection in the albino rat offers certain advantages for experimental 
study.* Spontaneous infection is rare, but the disease can be readily transmitted 
by inoculation of infected blood. Its course can be quantitatively studied. The 
severity of the infection can be estimated by counts of the trypanosomes in the 
peripheral blood stream and by estimation of the coefudent of variation in the 
size of the parasites during the reproductive phase of the infection (12). They 
produce a mild disease in adult rats and recovery occurs vrithin 4 to 5 vreeks, with 
an acquired immunity that remains permanent. 


* For a review of the literature on T. lewisi infection, see Laveran and Mesnil 
(10) and Taliaferro (11). 
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The wide variation in the course and duration of the infection reported by 
previous workers (11, 13, 14) may be in part due to the fact that the factors of 
stock, age, weight of the rats, diet and the environmental conditions of the animals 
were not uniform. We have kept these factors as constant as possible. 

The course of T. Icidsi infection was studied in 40 normal adult al- 
bino rats and was made the basis of comparison with infections in 
suprarenalectomized, nephrectomized, splenectomizcd, gonadectom- 
ized, and thymectomized rats. 


Method 

The rats were all of Wistar Institute stock, raised in our laborator 3 \ Except 
where otherwise specifically stated, they were 3 months of age, and ranged in 
weight from ISO to 225 gm. They were kept under constant environmental 
conditions and maintained on a standard adequate diet. 

The strain of the Trypanosoma Icwisi was obtained through the courtesy of 
Dr. Linton of Columbia University and was maintained bj’’ weeklj’’ transfers. 1 
cc. of blood from rats infected with T. Icwisi was drawn from the heart and was 
diluted with 9 parts of physiological salt solution containing 1 per cent sodium 
citrate. 1 cc. of this dilution was injected intraperitoneally into a series of rats. 
Red blood cell counts were made at frequent intervals. Smears of tlie peripheral 
blood were made daily during the first week and then at 2 day intervals thereafter 
until the trypanosomes disappeared from the blood stream. Trypanosome counts 
were estimated and the curve of the infection determined in each instance. 

The Course of the Experimental Infection in the Normal Adult Albino 

Rat 

Following intra)peritoneal injection the trypanosomes multiplied in 
the peritoneal cavity for a period of 1 to 3 days. Within 24 to 48 
hours trypanosomes appeared in the peripheral blood. They rapidly 
multiplied and swollen forms became numerous. By the fourth day 
the count exceeded 100,000 per cubic millimeter. Multiplication 
forms were present during the first 7 to 9 days and from then on only 
adult forms were seen. The average interval from the onset to the 
height of the infection was 7.5 days, the range 5 to 18 days. The 
number of trypanosomes at the height of infection varied from 115,000 
to 800,000 per cubic millimeter. The average number was 336,000 
per cubic millimeter. The average duration of the infection was 27.4 
days. In two instances the duration of the infection was less than 3 
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weeks, in sixteen 3 to 4 weeks and in twenty-two 4 to 5 weeks. No 
instance of infection in our normal rats exceeded 35 days. The aver- 
age duration of the infection was the same in males and females. In 
most instances the trypanosomes disappeared from the blood gradu- 
ally, but in six instances the number of trj'panosomes dropped within 
24 hours from a high count to zero. In general these findings are 
consistent with those of pre\nous investigators. The duration of the 
infection in the rat is not as varied if the factors of stock, age, weight, 
environment, care and diet are kept uniform. 

Symploms of ihe /iz/ectzon.— Laveran and Mesnil (10) obser\’’ed that 
very yoxmg rats failed to gain weight during the first few days of the 
infection. A definite clinical sjmdrome in the adult rat was noted 
when T. lewisi infection was first introduced into our stock. During 
the first 48 hours, the rat was quiet, his appetite was poor, the eyelids 
were edematous and sticky, and edema of the penis was present. 
These s3miptoms rapidly subsided and the rats appeared normal dur- 
ing the rest of the infection. In two instances during the second week 
of the infection partial paralysis of the hind limbs was observed which 
disappeared within 3 weeks. After the first two or three transfers of 
the strain of T. lewisi, symptoms of edema of the lids and penis were 
no longer noted and no further instance of paralysis was observed. 
The infection was associated with fewer symptoms when the Trypano- 
soma lewisi strain had undergone several passages. 

A moderate anemia developed during the first few days of the in- 
fection which was most severe at the height of the infection. The 
red cell count rarely dropped below 4,500,000. The anemia was asso- 
ciated with the appearance of Bartonella miiris bodies in the red cells. 
From experimental studies reported in a previous communication (15) 
it was found that the virus of Bartonella mnris anemia could be separ- 
ated from the trypanosome infected blood by passage through yoimg 
rabbits. The concomitant anemia was more severe in 3 week old 
rats than in mature rats and the T. lewisi infection ran a more pro- 
longed and severe course in the young rats. Death from trypanosome 
infection in very young rats may occur with a severe anemia, the red 
cell coimt dropping to 1,000,000 or less. Bartonella mnris bodies are 
present in large numbers in the red cells. Autopsy of the fatal cases 
reveals icteric tint to the subcutaneous fat, enlargement of the spleen 
and fatty changes of the liver, heart and kidneys. 
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Pathology of the Trypanosoma Icioisi Infection hi the Normal Adnlt 

Rat 

A series of 19 rats were inoculated with blood from a rat injected 
with Trypanosoma lewisi and killed at intervals of 2 days from the 
first day of infection to the 38th day after inoculation. Macroscopi- 
cally the only pathological changes were noted in the spleen. It 
enlarged progressively until at the height of the infection it was 6 to 
7 times the normal size, amounting to 1.55 per cent of the body weight 
as compared with 0.27 per cent normally. It diminished in weight 
after the 10th day but at the end of the infection it was still larger 
than normal. Histological studies show a progressive enlargement of 
the follicles and marked congestion of the pulp. The reticular and 
endothelial elements became engorged ndth red blood cells, were 
greatly increased in size and many underwent disintegration. Some 
of the Kupffer cells of the liver show erythrophagocytosis. In the 
later stages of the infection the follicles of the spleen diminish in size, 
the congestion disappears and there is some increase in the connective 
tissue of the pulp. No trypanosomes were found in the tissues of rats 
killed at the height of the infection when several hundred thousand 
trypanosomes per cubic millimeter were present in the peripheral 
blood stream. 

In mice infected with pathogenic trypanosomes the spleen may 
h3rpertrophy to 60 times the normal size (16). Taliaferro (11) states 
that splenic enlargement is more marked in the severe tiy’^panosome 
infections of mouse, rat, guinea pig and dog, — which die with large 
numbers of parasites in their blood, — than in the goat, sheep, rabbit 
and cattle in which trypanosomes are only rarely found. 

T. lewisi infection in the rat results in severe injury to the reticu- 
lar and endothelial elements of the spleen. Evidence of such injury 
is afforded by the concomitant occurrence in many rats of the Bar- 
tonella anemia at the height of the trypanosome infection. T. lewisi 
infections produce the same effect as splenectomy. Cannon and Mc- 
Clelland (17) found that repeated injections of large amounts of 
India ink over a long period of time in normal rats is followed by the 
appearance of Bartonella anemia. As much as 60 to 80 cc. of India 
ink (4 per cent suspension) was used per rat. They attribute this 
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anemia to physiological “blockade” of the reticnlo-endothelial 
elements. 

Complement Fixation in Trypanosoma leransi Injection 

Although complement fixation in diseases due to the pathogenic 
trypanosomes has been extensively investigated (11), no studies on 
complement fixation in T. lewisi infection in the rat have been re- 
ported to our knowledge. 

Manteufel (18) used aqueous and alcoholic extracts of organs of rats infected 
with T. lewisi in T. cquiperdum studies in horses with contradictory results. 
Besseman and Lej-nen (19) in studying methods of obtaining sensitiv'e antigens 
for use in diagnosis in T. cquiperdum (dourine) used among other things T. lewisi 
as a somce of the test antigen and found it unsatisfactorj-. 

Studies on the complement fixing antibodies of rats recovered from 
T. lewisi were made in an effort to obtain a comparative standard for 
antibody formation imder different conditions. Aqueous and alco- 
holic antigens were used, prepared from the liver and spleen of rats 
infected with T. lewisi. Saline washings of heated and unheated cul- 
tures of T. lewisi grown on Nox^y and McNeal mediiun were also 
tested. 

Methods . — The saline extracts were made as follows: The spleens of infected 
rats were macerated and ground in a mortar and shaken with 30 cc. of physiological 
salt solution per spleen during 30 minutes. The mixture was rapidly filtered and 
the filtrate preserx'ed in 0.5 per cent phenol. Only freshly prepared extracts were 
used. The livers of infected rats were macerated with saline and the volume was 
brought up to 15 cc. per gram of liver. The suspension was shaken thoroughly 
for 30 minutes, left over night in the ice chest, again shaken and filtered. The 
anticomplementaiy titer of the antigens was determined and one-fourth the anti- 
complementary unit was used in each test. The tests were carried out as follows; 
0.1 cc.of inactivated serum, 0.1 cc. of antigen in the dilution estimated by prerdous 
titration and 0.1 cc. of guinea pig serum diluted as indicated by previous comple- 
ment titration (2J units). The total volmne was brought up to 1 cc. and incu- 
bated during 1 hour at 37°. The hemolytic sj'stem, consisting of 0.1 cc. of 5 per 
cent suspension of washed sheep cells and 0.1 cc. of amboceptor in dilution to equal 
units was then added. 

We have found that during the course of the infection the serum of 
the infected rat is anticomplementary in very high dilutions, some- 
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times higher than 1/1000, owing to the fact that botli antigen and 
antibody are present in the serum of the rat during tlie infection. 

Complement fixation in rats recovered from the infection for several 
weeks were tested with the antigens described. All the antigens gave 
positive results wth positive sera but the strongest reactions were 
obtained with saline extracts of spleen and liver and saline washings 
of trypanosome cultures. A sample protocol is given below. 


Sera 

Saline extract 
spleen 

Saline extract 
liver 

Saline washings 
to’panosome 
cultures 

Pooled positive* 

1/400 

1/160 


Positive Rat 1 

0 

0 


Positive Rat 3 

1/700 

1/SO 


Positive Rat 4 

1/100 

1/200 


Positive Rat 5 

1/200 

1/20 


Pooled negative** 

1/10 

1/10 


Negative Rat 2 

0 

0 



* Positive sera were obtained from rats 2 weeks after thej' had recovered from 
T. Icwisi infection. 

** Negative sera were obtained from normal uninfected rats. 


Further studies are in progress to determine the course of antibody 
formation during the life of the rat following infection. 

Since the original observations of Rabinowitch and Kempner (20) 
it is known that a rat which has recovered from an infection with 
T, lemi-si cannot be reinfected. The mechanism of this permanent 
immunity is not understood but studies on antibody formation sug- 
gest that the immunity is primarily a humoral one. 

Laveran and Mesnil had observed the phagocytosis of T. lermsi 
in the peritoneal cavity of immune rats reinjected with trypanosomes. 
That phagocytosis by monocytes and circulating leucocytes plays a 
part in the immune reaction is evident, but many observers have 
failed to note phagocytosis of trypanosomes. 

SUMMARY 

T. leivisi infection was studied in a large series of normal adult and 
young albino rats. The importance of using rats of the same stock, 
age, and weight for comparative studies with this infection is empha- 
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sized. The infection produced by intraperitoneal inoculation of blood 
of an infected rat lasts about 1 month. The height of the infection is 
reached at about the seventh day. T. Icwisi, though never fatal in 
the adult rat, produces a definite disease entity "with a progressive 
splenomegaly during the first 10 days of the disease. Histologically 
there is hyperplasia of the follicles and congestion of the pulp with 
marked erythrophagocytosis by reticular and endothelial elements. 
The spleen diminishes in size with the recovery of the animal. A 
moderate anemia develops, due to the concomitant infection with 
Bartonella muris viris. During the course of the infection the best 
index of the resistance of the animal is afforded by the daily tiy^pano- 
some counts, by the interval during which developmental forms are 
present and by the duration of the infection. The serum of the rat 
during this period is highly anticomplementar}'. After recoveiy- com- 
plement fixing antibodies can be detected for a long period of time. 
The best antigens for the detection of complement fixing antibodies 
are saline extracts of rat spleens removed at the height of T. lewisi 
infection and saline washings of unkilled cultures of trypanosomes. 

VI h. T. lewisi Injection in Suprarenalectotnized Adult Albino Rats 

It has been established that suprarenalectomy in albino rats lowers 
their resistance to toons, chemical poisons and bacterial infections 
and dinunishes their capacity for antibody formation (6-9). In an 
effort to determine the role of the suprarenal gland in resistance to 
protozoan infections, T. lewisi, a common protozoan of rats, was 
studied. In the first part of this communication the course of the 
infection and its pathologj’’ was described. Experiments were next 
carried out to determine the effect, if any, of suprarenalectomy on the 
acquired immumty to T. lewisi of rats recovered from a first infection. 

The experiments were divided into two groups. In the first group eighteen 
adult rats were suprarenalectomized and in five the suprarenal areas were trauma- 
tized. 6 days after the operation all the rats were injected intraperitoneaUy with 
1 cc. of a 10 per cent dilution of whole blood drawn from a rat infected with T. 
leivisi . Smears and counts of the peripheral blood were made at frequent intenals. 

The results of this experiment are given in Table I and Fig. 1. It 
is to be noted that of the 18 rats, 12 or 67 per cent, died within 2 to 19 
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days. The average duration of life of these rats vdth a fatal infection 
was 5.8 days after injection vdth T..lcwisi, and the average interval in 
days between the onset and the height of infection was 4.2 da3's. The 
trypanosome count was not greater in the suprarenalectomized rats 
than in normal rats. Apparently, however, toward the height of the 
infection, the toxic effect of the tr^'panosomes was sufficient to kill a 
large percentage of the suprarenalectomized rats. The average num- 


TABLE I 

The Effect of Bilateral Siiprarcnalcctomy and Unilateral Nephrectomy on Trypano- 
soma Icsvisi Infection 


Operation 


* 

c. 

e.S 

0*0 

6 a 

Za CJ 

Duration 
of infection 
in days 

Interval in 
days from on- 
set to heipht 
of infection 

No. of trypano- 
somes per cubic 
mm. at height of 
infection 

> 

U 

3 

tn 

•o 

**5 


1.4 

*0 

ll 

•a a 
«.2 

CJ 

> 

< 

.5 

H 

d 

w 

a 

rt 

ft) 

w 

O 

> 

< 

.£ 

K 

rt 

< 

1 

C 

ffl 

C.) 

w 

< 

U 

u 

> 

< 

.5 

S 

K 

C3 

<< 

C 

rt 

o 

C 

o 

u 

Ld 

CJ . 

1 

c 

8 

& 

Bil. supra, fatal in- 
stances 

12 

6 

5.8 

2 

19 

5 

\ 

4.2 

2 

8 

4 

( 

220 

Expre: 

thous: 

10* 

>scd i 
rnds) 

640 

n 

212 

1 


Bil. supra, recovered in- 















I 


stances 

6 

6 

25 

12 

31 

26.5 

8.6 

5 

11 

9 

338 




B 

— 

Bil. supra, recovered 

















and fatal instances 

IS 

6 

12.5 

2 

31 

6 

5.9 

2 

11 

5 

229 



212 

33 

67 

Trauma to supra, area. . 

5 

6 

24 

16 

28 

26 

6.4 

'5 

8 

6 


166 





Unit nephrect 

8 

6 

26.7 

6 

45 

32 

8 

6 


8 



890 

H 



Unoperat. adult normals. 


— 

27.4 

6 

35 

28 

7.5 

5 

18 

7 

337 

|113 

800 

285 

100 

0 


* Animal died 24 hours after infection. 


her of trypanosomes in the suprarenalectomized rats at the height of 
infection was 338,000 per cubic millimeter as compared with 337,000 
for those which had been normal. The average interval between the 
onset and the height of the infection in those rats which survived the 
infection was 8.6 days. The average duration of the infection in the 
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surviving suprarenalectomized rats was 25 days as compared to 27.4 
days of the normal group. 

During the same period 20 rats were suprarenalectomized as controls. 
Of these rats, 80 per cent survived more than 1 month. In experi- 
ments with several hundred suprarenalectomized rats in this labora- 
tory during the past 5 years it has been found that about 80 per cent 
of suprarenalectomized rats survive longer than 1 month. The mor- 



Fig. 1. The effect of bilateral suprarenalectomy, unilateral nephrectomy and 
traumatization of the suprarenal area on the course of Trypanosoma Icwisi infec- 
tion in albino rats. 

Each point on the curve of the infection of the suprarenalectomized rats indi- 
cates the average count of the surviving animals on that day. 

The curves represent the daily average coimts expressed in thousands per 
cubic millimeter. 

Normal 

Bilateral suprarenalectomj' 

Unilateral nephrectomy 

tality of 70 per cent to T. lewisi infection in the suprarenalectomized 
rats, therefore, indicates a severe drop in resistance. 

The curve in Fig. 1 indicates the average daily trypanosome counts. 
Each point on the chart represents the average count of all the rats 
living on that day. The curve is practically the same as the curve of 
the composite average coimts of the normal infected group. 

An effort was made to reinfect the surviving rats but without 
success. 
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Pathology of the T. Icwisi Infection in Siiprarenalectomized Rats 

A comparative study of the pathological changes in the suprarenalec- 
tomized group dying of T. lewisi infection and the group that had been 
normal prior to infection did not reveal any striking differences in 
cellular reaction. 


TABLE n 


Effect of Trypanosomatewisi on the Weight of the Spleen in Normal and Suprarenal- 

cctomizcd Rats 


Normal adult rats 

Adult rats infected 
with 

Trypanosoma leu-isi 

Suprarenalectomized adult rats 
infected 

with Trypanosoma leuisi 

Supraren.alectomizcd 
uninfected adult rats 

No. of rats 13 

6 

Days after in- 
fection 

Per cent weight 
of spieen 

:§ 

Days after 
operation 

Days after in- 
fection 

Per cent weight 
of spleen 


Days after 
operation 

Per cent weight 
of spleen 

Per cent weight of spleen 
to body weight 

1 PI 

1 

.170 


10 

4 

.687 


10 

.265 



3 

.351 

1462* 

11 

5 

.728 

1466 

11 

.288 

Aver. wt. . 269% 

■ WM 

5 

wm 

1455 

12 

6 

.821 

1459 

12 

.245 

Max. wt. .448% 

1004 

7 

m 

1460 

14 

8 

.645 

1461 

14 

.251 

Min. wt. . 104% 

1005 

9 

1.316 

1463 

16 

10 

.832 

1470 

19 

.224 

Mean wt. .268% 

1006 

11 

1.554 

1464* 

17 

11 

.707 

1471 

20 

.224 


1007 

13 

1.248 









1008 

15 

.871 









1009 

18 

.945 









1010 

20 

.900 









1011 

22 

.848 









1012 

25 

.723 







j 


1013 

28 

.900 









1014 

32 

1.000 









1038 

36 

.670 









1039 

38 

.560 









* Died. 


Twelve rats were suprarenalectomized and sLv of these were infected with T. 
Icwisi after 6 days. The other six were kept as suprarenalectomized controls. 
One rat in each group was killed every other day and the pathological changes were 
noted and compared with those in normal rats infected with T. Icwisi. The ratio 
of the spleen weight to the bod}' weight was noted in both groups and compared 
with the normal. Suprarenalectomy without infection does not cause an increase 
in the weight of the spleen (Table II), but histological studies made at frequent 
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intervals reveal a progressive hjTDerplasia of the follicles with no increase in the 
total volume. The h>T)erplasia of the follicles is part of a generalized lymph tissue 
and th>’mus hj^perplasia evident throughout the bodj' after suprarenalcetomy, as 
pointed out by ilarine (21) and Jafie (20). 

The degree of splenomegaly in the suprarenalectomized and infected group was 
definitely less than in the unoperated infected group. On the tenth day after 
infection the spleen weighed 0.832 per cent of the body weight as compared with 
1.554 per cent in the unoperated infected group (Table II). Though the degree 
of hi’pertrophy of the spleen is less, the character of the cellular response is the 
same in both groups. The reticular and endothelial elements are markedl}' dis- 
tended with engulfed red blood cells and hemosiderin pigment. The pulp is 
congested and the follicles prominent. 

In. the second group of experiments 15 normal adult rats were in- 
fected with T. lewisi as described above and 1 month after aU the 
tr^^janosomes had disappeared from the peripheral blood stream, the 
suprarenal glands were removed. After 5 days all were reinjected 
with T, leivisi. Reinfection did not occur in a single instance. It 
was not possible to overcome the acquired resistance by suprarenal- 
ectomy, regardless of the quantity of material used for reinjection. 

Effect of Unilateral Uephreclomy and Traumatization of the Suprarenal 
Area on the Course of a Subsequent T. lewisi hifeciion 

In an effort to control the factor of the operative procedure the left 
kidney was removed from eight adult rats by the posterior route and 
in five others the tissue about the suprarenal areas was injured. Six 
days after operation the rats were injected intraperitoneally with T. 
lewisi as described above. From Table I and Fig. hit is seen that the 
infection in these animals did not differ from that of normal rats. 
The average duration from the onset to the height of infection in the 
nephrectomized group is 8 days as compared with 7.5 of the normal 
group. The average munber of trj'panosomes at the height of infec- 
tion was 330,000 per cubic millimeter, the range 100,000 to 890,000. 
All the rats survived the infection. The average duration of infec- 
tion in the nephrectomized group was 26.7 as compared to 27.4 in the 
normal. The longest infection lasted 32 days. 

One month after recovery all the rats were reinjected with T. 
lewisi but no reinfection was observed. 
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DISCUSSION 

Bilateral suprarenalectomy lowers the resistance of adult albino 
rats to T. lewisi infection. In these rats the disease is fatal in almost 
70 per cent of instances whereas of animals previously normal none 
died. Despite this high mortality the infection as characterized by 
the rate of growth of tlie tr3q3anosomes does not differ essentially 
from the infection in normal rats. Neither tlie reproduction-inhibit- 
ing immune factor (Taliaferro) nor the trj’^panolytic immune factor is 
diminished by suprarenalectomy. Apparently the toxic effect of tlie 
infection is lethal in these animals. Suprarenalectomy further di- 
minishes the degree of splenic response as estimated by the size of the 
spleen, but does not alter the reaction of the reticular and endothelial 
elements of the spleen or of the lymphoid tissue to the T. lewisi 
infection. 

One infection with T. lewisi confers a permanent immunity in nor- 
mal rats. It is of significance that suprarenalectomy does not break 
down the permanent immunity to T. lewisi infection acquired as a 
result of a first infection. This fact emphasizes an essential differ- 
ence in the mechanisms of natural resistance and acquired resistance. 
The natural susceptibility of the rat to various toxins and poisons and 
infections is markedly increased by suprarenalectomy. But the ac- 
quired immunity established as a result of a first infection is uninflu- 
enced by suprarenalectomy. 

We have found in other studies that the Bartonella viuris anemia 
of splenectomized rats cannot be transmitted to suprarenalectomized 
rats. It has been demonstrated in a previous communication that 
Bartonella muris anemia in the adult splenectomized rat represents a 
flaring up of a latent infection with the Bartonella muris virus and the 
development of the anemia is indicative of a depression in the acquired 
immunity of the rat to the virus (15). The failure of the suprarenalec- 
tomized rat to develop the anemia either spontaneously or after in- 
jection of anemic blood of splenectomized rats indicates that the su- 
prarenal gland does not influence the mechanism of acquired immunity 
to this infection. This observation mth the Bartonella muris infec- 
tion and the fact that the permanent immunity to T. lewisi, acquired 
as a result of a previous infection, is uninfluenced by suprarenalec- 
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tomy are of significance. Once a humoral or cellular immuni ty is 
established to an infection this acquired resistance cannot be suffi- 
ciently depressed to permit of a second infection. Acquired resistance 
and natural resistance are dependent on different physiological proc- 
esses in the organism and are not merely quantitative variations of 
the same process as is generally supposed. 

STraUIARY CONCLUSIONS 

Bilateral suprarenalectomy in rats lowers the resistance to a subse- 
quent infection with T. leurisi. Almost 70 per cent of these rats die 
within an average period of 5.8 days after infection. The multiplica- 
tion of the parasites in the circulating stream is not more consider- 
able than in rats previously normal nor is the duration of the disease 
in the surviving rats any longer than in the normal group. Bilateral 
suprarenalectomy does not prevent the formation of immune sub- 
stances to the parasites but appears to lower the natural resistance of 
the rat to the toxic effects of the protozoan infection. The acquired 
immunity to T. lewisi of normal rats as a result of infection is not 
broken down by subsequent suprarenalectomy. Unilateral nephrec- 
tomy does not affect the course of a subsequent infection with T. 
levdsi. 
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FURTHER STUDIES ON T. LEWISI INFECTION IN ALBINO 

RATS* 

I. The Effect of Splenectomy on T- lewisi Infection xn 

Albino Rats and the Protective Action of Splenic 
Autotransplants 

II. The Effect of Thymectomy and Bilateral Gonadectomy on 

T. lewisi Infection in Albino Rats 

By DA\HD PERLA, M.D., and J. HAKMORSTON-GOTTESMAN, M.D. 
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TJie Effect of Splenectomy on the Resistance of Albino Rats to T. 
lerjiisi, and the Protective Action of Splenic Autotransplants 

In studying the pathology of T. lewisi infection in normal rats it was 
noted that the spleen undergoes marked hyperplasia within a few days 
after injection of the organism (1). An effort was made to deter- 
mine the role of the spleen in this infection by splenectomy at various 
intervals prior to infection with T. lewisi and to determine the effect 
of autoplastic splenic transplants on the infection in splenectomized 
rats. 

The marked involvement of the reticular and endothelial cells of 
the spleen in the pathogenic trypanosome infections has lead to numer- 
ous investigations on the effect of splenectomy on the course of these 
infections. A review of the literature is given by Taliaferro (2). 

Bradford and P limm er (3) found that rats, dogs, cats and rabbits splenectom- 
ized before injection with T. brucei died earlier than the controls. Laveran and 
Mesrnl (4) observed that splenectomy did not influence the course of T. tiagana 
infection in the rat. Rodet and Vallet (5), as well as Sauerbeck (6), believe the 
spleen possesses striking trypanolytic power. Roux and Lacomme (7) treated 
three dogs infected with T. nagana with splenic extract of normal cattle and found 

*Read before the International Congress of Microbiology*, Paris, Julv 23 
1930. 
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that the parasites decreased in. number but this may have been due to trypanoly tic 
crises (Rodet and Vallet (5) ). In a study on 2 splcncctomized rats and 5 guinea 
pigs, Laveran and Thiroux (8) could find no effect of splenectomy on the course 
of infection with T. brucci and found no trj'panol\'tic action of splenic extracts. 
They believed the spleen merely removed the debris after trypanolytic crises. 
Mutermilch (9) found that extracts of spleen produced lysis of T. brucci in vitro. 
Bone marrow and liver extracts were also effective but to a less degree, and ex- 
tracts of other organs had no effect. From this he concluded that the hemato- 
poietic organs are particularly trjTianolytic. For a time it was thought that the 
spleen acted as a refuge for trjTjanosomes during the crises, and resistant forms 
were said to e.xist. But as Laveran axid Mesnil (10) showed, such a theorj' was 
unwarranted as isolated tr3T)anosomcs could be demonstrated in the blood during 
the crisis by subinoculation methods. Taliaferro, Johnson and Cannon (2) found 
that splenectomy had no effect on the course of T. cquimim infection in mice. 

Taliaferro describes the formation of a humoral antibody in T. Icwisi infections 
in the rat that inhibits the cell division of the parasite (11) but which does not 
kill them. Regendanz and Kikuth (12) conffrmed these observations. They 
have further shown that in splenectomized rats division of tlie tr^^panosomes con- 
tinued several days longer than in non-splenectomizcd controls and in some 
animals the infection ended fatally. They injected these rats with salvarsan 
prior to splenectomy to sterilize them of the Bartonella virus. Taliaferro, Cannon 
and Goodloe (13) found little effect if splenectomy was performed before injection 
of T. lewisi but if performed after injection the reproduction of the parasites 
again occurred, the adult forms beginning to divide. Splenectomy was more 
effective in the presence of Bartonella infection. 

The rats of our stock are carriers of the Bartonella virus and splenec- 
tomy in these rats results in Bartonella anemia. We therefore had 
the opportunity of determining the influence of this infection on 
Trypanosoma lewisi infection. 

The experiments were divided into three groups. In the first 
group 7 rats were infected 6 days after splenectomy at the height of 
the Bartonella anemia. A virulent infection resulted with rapid 
death of the rats within 3 to 7 days after infection. The average 
number of trypanosomes at the height of the infection reached 
1,200,000 per cubic millimeter, about 4 times greater than the num- 
ber of trypanosomes in the normal controls. The average duration 
of life was 11.6 days after injection of the trypanosomes. The height 
of the infection as estimated by the number of trypanosomes was 
reached at the time of death (see Table I and Fig. 1). We have 
found (14) that 100 per cent of our stock develop the Bartonella 
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anemia follo'5\’ing splenectomy in from 4 to 10 days. The mortality' 
from the Bartonella anemia in 50 splenectomized rats was 20 to 30 
per cent. The anemia persists 2 to 3 weeks. The presence of the 
Bartonella infection markedly lowers the resistance of the animal to 
the T. lerunsi. The Bartonella anemia probably destroys or injures 
the defensive mechanism (reticulo-endothelial elements?) and permits 
a more rapid reproduction of the organisms. In a previous communi- 
cation (14) we have shown that an infection with T. lemsi in a rat 
with intact spleen permits the occurrence of the Bartonella anemia, 


TABLE I 

The Effect of Splenectomy on Trypanosoma leioisi Infection and the Protective Action 
of Autoplastic Splenic Transplants 


Operation 

g 
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e 
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Ko. of tnrpanosomes 
per cubic mm. at 
height of infection 

> 

zs 

a 

U 

U 
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c 

V 

u 
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90 
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28 
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28 
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7 

15 

7 
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787 
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0 

Unoperated adult nor- 
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mals 


1 ~ 

27.4 

6 

35 

CO 1 

[7.5! 

5 

isl 

7 

337 

113 

800 

285 

1 

looj 

0 


** These rats died at height of infection. 

* Transplants performed 4 weeks prior to splenectomv. 


in mild form, as a result of injury to the reticular and endothelial 
elements of the spleen by this infection. 

In the second group of experiments, 6 splenectomized rats were 
infected with T. Icwisi 48 days after splenectomy and well after re- 
covery from the Bartonella anemia. Of these, one died on the tenth 
day from the T. lewisi infection without a severe anemia. In the 
other 5 rats, the T. lewisi infection was very severe. The average 
number of the trypanosomes (see Table I) at the height of the infec- 
tion was /05,000 per cubic millimeter or about twice that of the nor- 
mal controls. The interval in days from the onset to the height of 
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the infection wliich represents the interval during which reproductive 
forms are present, averaged 12.6 days. Reproductive forms were 
present several days longer than in the normal rats. The duration 
of the infection in the rats was twice as long as the normal group, 
averaging 60 days. 

Tliis experiment indicates that the spleen plays an important role 
in the formation of tlie reproduction inhibiting factor and also the 
lytic factor in the infection; 48 days after splenectomy the infection 
•with T. leivisi is less severe than in the early period. Apparently a 
compensatory mechanism has been established but this is less effective 
than is the normal splenic tissue in combating the T. Icwisi infection. 

In the third group of experiments, six rats in wliich splenic auto- 
transplants had been introduced 4 weeks prior to splenectomy were 
infected with T. lewisi 28 days after splenectomy and 8 weeks after 
transplants had been made. The method of transplantation has 
been described (15). The transplants at the time the spleen was 
removed were insufficiently regenerated to prevent the occurrence of 
Bartonella anemia. The results of this experiment are indicated in 
Table I. The average number of trj^anosomes at the height of the 
infection was 530,000 per cubic millimeter or midway between the 
splenectomized group infected 48 days after splenectomy and the 
normal group. The interval from the onset to the height of the in- 
fection was 9 days in this group as compared to 7.4 days of the normal 
rats and 12.6 days of the splenectomized rats "vinthout transplants. 
The duration of the infection in these rats was practically the same 
as in the normal group. The transplants reduced the severity of the 
infection of splenectomized rats to T. lewisi. Though they did not 
protect the rat against Bartonella anemia 4 weeks after they were 
implanted, the transplants at the end of 8 weeks, or 4 weeks after 
splenectomy, had regenerated sufficiently to raise the resistance of 
the animal to T. lewisi. Histological examination of these transplants 
(15) revealed complete regeneration of all elements of the spleen. 
They appeared as small spleens in the abdominal wall. 

Reinfection in Splenectomized Rats. — ^An attempt was made to deter- 
mine the role of the spleen in the acquired immunity of the rat to rein- 
fection ■\Yith T. lewisi. Ten normal rats were infected with T. leivisi. 
One month after recovery the spleens were removed from these rats. 
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Splciicctomizccl rats infected -18 days after operation . 
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T. LEWISI INFECTION. I AND II 


Six days later all were reinjected with T. lavisi. In only one instam 
did they persist in the blood for a period of 4S hours. No develo] 
mental forms appeared. Repeated injections of T. Icwisi were mad 
but no reinfection occurred. 


DISCUSSION 

Our observations are consistent with the findings of Regendanz an 
Kikuth (12), who studied the effect of splenectomy on the course ' 
Trypanosoma le'toisi infection in rats. Prior to splenectomy, the 
rats were injected with salvarsan to free them from the Bartonch 
virus. They found that the infection in the splenectomized rats wj 
more severe than in the normal rats. They did not, however, mal 
quantitative estimates of the course of the infection. The exper 
ments reported in our communication indicate that the spleen pla^ 
a very important r61e in the defense mechanism to T. Icwisi. Tl 
capacity of the rat to produce both the immune substance whic 
inhibits the reproduction of the trypanosomes (reproduction-inhibi 
ing immune factor) and the tr 5 T)anolytic immune substance ai 
markedly reduced by the removal of the spleen, even though the ral 
are not infected with T. Icwisi until 7 weeks after the operation. Th 
supports the contention of Taliaferro (2) that the reticulo-endothelii 
elements of the spleen are probably the main source of these immur 
substances. 

The fact, however, that removal of the spleen does not influenc 
the acquired immunity to T. Icwisi following a first infection suggest 
that the immune defense mechanism may be a humoral one. I 
Bartonella infection on the other hand immunity may be a cellula 
one, dependent on the reticular and the endothelial elements of th 
spleen. In this disease an acquired immunity is broken down b 
splenectomy, but not by other procedures such as thymectomy, supra 
renalectomy or gonadectomy. In trypanosomiasis the acquire 
immunity is a humoral one and hence is difficult to destroy. Com 
plement fixing antibodies are present in the blood of rats for month 
after recovery from T. Icwisi but no protective immune substance 
have thus far been demonstrated in the blood of rats either durin; 
the infection with Bartonella anemia or following it (Ford). 

The confficting results of investigations on the effect of splenectomy 
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on the pathogenic trypanosome infections is due in part to the differ- 
ence in the species of experimental animal used. The spleen of the 
rat or mouse is considerably larger in proportion to the body weight 
than that of the rabbit or guinea pig. Taliaferro (2) suggests that 
the quantity of the reticular and endothelial cells in the spleen of the 
rabbit and guinea pig represents only a small part of the reticulo- 
endothelial tissue of the body. He beheves that splenectomy in 
these animals therefore has little effect on the course of the trypano- 
some infections. This assumption however is based on insuffident 
evidence. It is possible that the relative quantity of hemoljmiph 
tissue in these different animals may bear some relation to the severity 
of the effects of splenectomy. Though it is still a debated question 
the true hemol 3 miph nodes can probablj’- be considered as accessor}' 
splenic tissue. The quantity of this tissue in the rat is extremely 
small. Macmillan (16) was able to find only 4 hemolymph nodes in 
the rat, 2 just above the kidney near the midline and 2 at the apex of 
the lungs in the posterior mediastinum. The rabbit and guinea pig, 
the sheep and the goat have relatively much more hemolymph tissue. 
The domestic pig on the other hand is said to have no true hemol}Tnph 
nodes as determined by lymphatic injection, though many “red” 
nodes (Meyer (17)). Warthin (18) has demonstrated in the sheep 
and the goat a marked hypertrophy of the hemol}Tnph nodes within 
the first few weeks following splenectomy, and considers these nodes 
as accessory erythropoietic tissue. It is possible that the hemol}Tnph 
nodes in splenectomized animals assmne a specific protective action 
which is normally a function of splenic tissue. 


The Effect of Thymecloviy in Young and Adult Rats on T. lerujisi 

Infection 

The effect of thymectomy on the course of T. lennsi infection in 
young and adult rats was studied. The rats were dixdded into two 
groups. In the first group of experiments 20 6-week old albino rats 
were used. Ten of these were thymectomized and 10 were kept as 
normal controls. In the second group, 10 adult, 3-month old rats 
were thymectomized. One week after operation, the rats of both 
groups were infected with T. leransi. 
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Method . — Ether anaesthesia was used. The skin over the sternum was incised 
vertically and retracted. A purse string suture was put through the pectoral 
muscles, laterally and superiorly through the loose areolar tissue of the neck and 
through the submaxillary gland on one side. A similar purse string suture was 
put through the skin. The sternum was cut with small dull pointed scissors in 
the midline from above downward for a distance of 1.5 cm., care being taken to 
cut e,\-actly in the midline to avoid the great vessels. The thymus was exposed, 
rapidly removed with fine mouse tooth forceps from below upward, and the purse 
string sutures were rapidly tied. If the chest is allowed to remain open longer 
than a few seconds the animal may succumb. If the rat surv'ives the operation, 
it makes '■a rapid recover}\ 

The results of this experiment are tabulated in Table II and in the 
curves of the average dail)’- counts of the trj^janosomes in the circulat- 
ing blood (Fig. 2). The course of the infection in 6-%veek old rats 
was slightly different from that of normal rats. The average number 
of trypanosomes at the height of infection was 316,000 per cubic 
millimeter as compared with 337,000 in the adult normal rats (see 
Paper VI, same issue of the journal (1)). The height of the infec- 
tion was reached, however, somewhat earlier. In the adult normals 
the interval between the onset and the height of infection is 7.5 
days, whereas in the younger group the interval between the onset 
and the height of infection is 6.4 days. The duration of the 
infection in the young rats is somewhat less than in the adult 
rats — 22 days average duration in the young as compared to 27.4 
days in the adult group. Thjnnectomy in the young rat has a 
decidedly beneficial effect on the course of the infection. The average 
number of tr 3 'panosomes at the height of infection is 176,500 per cubic 
millimeter and the interval between onset and the height of infection 
is 5 days. In the curve of the daily average counts the height of in- 
fection is reached on the 4th day and the average count on this day 
is 137,000. In the curve of the daily counts of the control young rats, 
the height of infection is on the 7th day and the average count on this 
day is double that of the thymectomy group, 273,000. The duration 
of the infection of the thymectomized rats is decidedly shorter than 
in the normal young controls. The average duration in the 3 ’’Oung 
controls is 22 days, and in the thymectomized young rats, 16.6 days. 

The course and duration of the T. lertvisi infection in adult thymec- 
tomized rats was likewise somewhat shorter than in adult normal rats. 
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The average number of trypanosomes at the height of infection was 
241,000 and the interval between the onset and the height was 6.6 
days. In the controls the average nmnber of trypanosomes at the 
height of the infection was 337,000 and the interval from the onset to 
the height of infection was 7.5 days. The duration of the infection 
in the thymectomized adult rats is 19.1 days as compared with an 
average of 27.4 days in the control group. 

Th)miectomy has a favorable effect on the course of a subsequent 
infection with the Trypanosoma lewisi infection in both young and 
adult rats, but especially in yoimg rats. The duration of the infec- 
tion is decidedly less and the intensity of the infection is dimini shed. 
Developmental forms are observed during a shorter period and abor- 
tive infections are more frequently observed. The removal of the 
thymus, particularly in the young, has a stimulating effect on the 
formation of immime substances that inhibit the reproduction of the 
trypanosomes and have a stimulating effect on the formation of 
trypanolytic substances of the serum. 

Effect of Unilateral and Bilateral Gonadeclomy on T. lewisi Infection 

Unilateral gonadectomy was performed on six adult albino rats and 
bilateral gonadecrtomy on six rats. One week after operation the rats 
were infected with T. lewisi. 

Method . — ^Under ether, a median incasion was made in the abdominal wall. The 
testes were gently drawn into the abdominal cavitj' by gentle traction on the 
spermatic cord. The pedicle was ligated and the testes were removed. Care 
was taken to avoid unnecessary manipulation of the spermatic cords. The ab- 
dominal wound was sutured. The rats recovered rapidly from the operation. 

The results of this experiment are given in Table II and in Fig. 2. 
Unilateral gonadectomy in the adult rat has no effect on the trypano- 
some infection. The average number of trypanosomes at the height 
of infection is 276,000, reached in an average interval of 6.6 days as 
compared with the average nmnber of tr>q)anosomes at the height of 
the infection 337,000 in an average interval of 7.4 days. In the 
curve of the daily average counts the height is reached on the 7th 
day with 236,000 per cubic millimeter as compared with the normal 
268,000 on the 7th day. Unilateral gonadectomy does not influence 
the course of a subsequent Trypanosoma lewisi infection. 
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*** Died during infection. 

** Died at height of infection. 

* Transplants performed 4 weeks prior to splenectomj'. 
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Bilateral gonadectomy decidedly depresses the resistance to T. 
Though the average duration of the infection is essentially 



Fig. 2. The effect of bilateral gonadectomy and of thymectomy in young and 
adult albino rats on the course of T. lewisi infection. 

The curves represent the daily average counts e.tpressed in thousands per 
cubic millimeter. 

Normal 

Thymectomy in adult rat 

Thymectomy in young rats 

Bilateral gonadectomy . . — . . — . . 

the same as in the normal group, 26.5 days, the severitj’^ of the infec- 
tion is markedly increased. The average number of trypanosomes 



Fig. 3. The duration of infection with T. Icwisi in normal rats, rats with bilateral 
suprarenalectomy, traumatization of the suprarenal area, unilateral nephrectomy, 
unilateral gonadectomy, bilateral gonadectomy, young and adult rats with thy- 
mectomy, rats in which splenectomy was performed 6 days prior to infection, rats 
in which splenectomy was performed 48 days prior to infection, rats with splenec- 
tomy n which splenic autotransplants were performed 4 weeks prior to 
splenectomy. 

The solid portion of the bars represents the interval in days from the onset of 
the infection to the height of the infection. 

The entire column represents the average duration in days of the infection. 
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Fig. 4. The number of trj’panosomes at the height of infection in rats vrith 
bilateral suprarenalectomy, traumatization of suprarenal area, unilateral gonadec- 
tomy and bilateral gonadectomy, thymectomy in young rats, thjmectomy in 
adult rats, splenectomy in rats infected 6 days after operation, splenectomy 
in rats infected 48 days after operation, splenectomy in rats in which splenic 
autotransplants had been performed 4 weeks prior to splenectomy. 

The bars represent the average number of trj'panosomes at the height of infec- 
tion with T. Icvisi. 
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at the height of infection is 889,000 or almost three times as many as 
the normal group. The curve of the daily average counts reached a 
peak of 880,000 on the 7th day as compared with 268,000 on the 7th 
day in the normals. In 3 of tlie rats with bilateral gonadectomy the 
count exceeded 1,000,000 per cubic millimeter. Splenectomy resulted 
in similarly liigh counts. However, the disease in the bilaterally 
gonadectomized rats did not last longer than in the normals nor were 
there any fatalities. We must conclude that removal of the gonads 
interferes with tlie formation of the immune substance which inhibits 
reproduction of the trypanosomes, but does not interfere with the 
formation of the trypanolytic antibodies. In 4 instances in this 
group the disease terminated sharply by crisis, which is less frequently 
the case in normal rats. 

Thymectomy in young rats diminishes the severity of the infection 
and shortens its course. Bilateral gonadectomy in the adult increases 
the severity of the infection but does not influence the duration of the 
infection. 


SUMMARY 

T. lewisi infection in normal adult 3 month old albino rats raised 
from a single stock and maintained under identical conditions was 
studied. Daily quantitative estimates of the trypanosomes in the 
circulating blood were made and the course of the infection was 
studied. Bilateral suprarenalectomy in rats lowers the resistance to 
a subsequent infection with T, lewisi. About 70 per cent of these rats 
die in an average period of 5.8 days after injection. The multiplica- 
tion of the parasites, in the circulating stream, however, is not more 
considerable in the suprarenalectomized than in tlie previously normal 
rats, nor is the duration of the disease in the surviving rats any longer 
than in the normal group. The removal of the suprarenal glands does 
not alter the immune reaction to the parasite, but lowers the natural 
resistance of the animal to the toxic effects of the protozoan infection. 
Bilateral suprarenalectomy does not lessen the immunity of rats re- 
covered from T. lewisi infection to subsequent infection. Unilateral 
nephrectomy does not influence the course of a subsequent infection 
with T. lewisi infection. The mortality of splenectomized rats from 
Bartonella mtiris anemia increases from 30 to 100 per cent folloiving 
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the injection of T. Icivisi at the height of the anemia 7 days after 
splenectomy. T. Icwisi infection 48 days after splenectomy that is 
to say at a time when the Bartonella anemia is no longer present pro- 
duces a more severe infection than in normal rats. The number of 
trypanosomes at the height of infection averages 3 times the ordinary 
and the infection endures twice as long. Both the immune substance 
that inhibits the reproduction of the parasite and the l34ic factor are 
markedly depressed. Splenic autotransplantation performed 4 weeks 
prior to splenectomy raises the resistance of rats to a subsequent T. 
lewisi infection. ThjTnectomy in 6 week old rats diminishes the 
severity of a subsequent trypanosome infection and shortens its 
course. Both the formation of the immune substance which in- 
hibits reproduction of the trypanosomes and formation of trypanol 5 ’tic 
antibodies are stimulated by this procedure. In the adult rat thj’’- 
mectomy shortens the course of the infection but the severity is only 
slightly d imini shed. Bilateral gonadectomy in the adult increases 
the severity of the infection. The niunber of tr^^panosomes at the 
height of the infection is almost three times the normal. However, 
the duration of the infection is the same as in the normal rats. The 
reproduction-inhibiting factor is depressed by bilateral gonadectomy 
but not the trypanocidal factor. Unilateral gonadectomy does not 
influence the infection. 

We wish to thank Dr. David Marine for his helpful criticism 
throughout the course of this work. 
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Since Noguchi’s report in 1928 (1), reports have come from labora- 
tories in various parts of the world (Stepanowa and Azarowa in 
Kharkov (2), Finnoff and Thygeson in Denver (3), Addario in Palermo 
(4), KendaU in Chicago (5), Tilden and Tyler (6) and Olitsky and 
Tyler (7) in New York, and Ltimbroso in Tunis (8)) of the isolation of 
Baderimi granulosis from trachoma and the reproduction in monkeys 
of granulomatous lesions of the conjunctiva such as were originally 
seemed by Noguchi. It has now become desirable to assemble as 
many strains as possible of both European and American origin, in 
order that a comparative study can be carried out. Since the cultures 
survive for many weeks, even months, on the semisolid leptospira 
medium at ordinary temperatmes, when sealed in ampoules, such a 
study is entirely feasible. 

Certain animals described in Noguchi’s monograph are still alive, 
2\ years after inoculation, and continue to show the granulomatous 
lesions. The lesions in the chimpanzee “Louisa,” which reached 
their maximum development within a period of 8 months, have since 
remained stationary. Of the Macaciis rhesus, No. 80 shows, at the 
end of 2§ years, complete healing, with scar tissue, in the left eye 
(Fig. 2), while the right Kd still carries a few follicles. Two Macacus 
rhesus (Nos. 5 and 6) inoculated from Macacus 73 in February, 1928, 
continue to have pronounced lesions. In June, 1929, No. 5 showed 
a spontaneous exacerbation, with marked redness and lacrimation, 
the cornea becoming diffusely cloudy (Fig. 3). 
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BACTERIUM GRANULOSIS AND TRACHOMA 


The present report deals with the following experiments: (1) the 
further transmission (a) by animal passage, and (b) by inoculation of 
cultures, of the Albuquerque Strain 1, isolated by Noguchi from Indian 
trachoma in 1926; (2) the recovery of the organism from monkey le- 
sions, in their early stages, and also after they had persisted for a 
year or longer; (3) the isolation of new strains from cases of Indian 
trachoma, and (4) comparative cultural studies of the old and new 
strains and viability tests of the bacterium. The isolation of new 
strains was made possible through the cooperation of Dr. F. I. Proctor 
and the U. S. Indian Service. For clinical assistance we are indebted 
to Drs. Polk Richards and J. F. Lane, of the Indian Service. 

i. Experiments with Albuquerque Strain 1 (Noguchi) 

(a) Transmission by Animal Passage . — 

The transfer of the infection from monke}’^ to monkey was accomplished by 
means of tissue suspensions, the entire affected tarsal conjunctiva being removed, 
under ether anesthesia, ground in a mortar with a minimum quantity of isotonic 
sodium chloride solution, and injected subconjunctivally and also applied to the 
scarified conjunctiva, as described by Noguchi. 

The first passage from two monkeys injected with cultures by No- 
guchi in June, 1927, (Nos. 72 and 73) gave positive results in most of 
the animals inoculated (Table 1). The only exception was an experi- 
ment (9) in wliich the suspension from the right conjunctiva of No. 72 
was distributed among 15 animals. This diluted material failed in 
all but one instance to produce infection. With later passages from 
the same series the incubation period became longer and the positive 
results less frequent, and further transmissions were abandoned in 
favor of experiments with cultures. 

(b) Transmission by Means of Cultures. — ^Although the original 
cultures had been carried on artificial medium for a period of 2| to 
3 years, having been transplanted every 6 to 8 weeks, inoculation tests 
gave positive results (Fig. 4) in about one-third of the animals (Table 
2), showing that Bacterium granulosis may retain its pathogenicity 
for long periods of artificial cultivation. 
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TABLE 1 

Transmission oj Albuquerque Strain 1 by Passage 


Monkcj' 

No. 

InocuUlcd 1 


Result 1 




bation 



Reniarts 

Dlte 

Msterial 

period 

Left* 

Right 



1927 




1 


1 

Dec. 9 

Conj. susp. 

13 



Lesions persisted Ij 



No. 72 N*» 




years. Died 

2 

« 

it 

13 

tit* 

_L- 

Lesions persisted 1 




i * * 4 

4 






1 

year. Right eye 
negative until 11 
months after inoc- 
ulation 


I9Z3 





1 

V- 

Feb. 10 

Conj. susp. 

1 

— 

— 




No. 73 N** 




i 

4‘ 

« 

it 


— 



5‘ 

iC 

it 

66 

+-h++ 

+ + + + 

Lesions still present (2 

! 






years). Cultures 

1 recovered 

6‘ 


it 

45 


4-4- 

Receded in 1 month 

7* 

u 

1 

it 





8‘ 

“ 

it 

45 1 

+++-i- 

-h-f-f-h 

Lesions on right still 


(( 





present. Culttires 
recovered 


it 

33 

t f I « 


Lesions persisted 20 

a 



"r * 4 » 



months. Cultures 

negative. Died 

1(P 

a 


— 

— 1 

11 


it 

66 

-5-1-+ 


Lesions still present 

12 






after 19 months. 
Cultures recovered. 
Discarded 

** 

it 

33 

» * r f 

. • . , 

Lesions perrfsted 16 
months. Discarded 

13 







139 


-r-r-f 

Lesions persisted 6 


. 





months. Discarded 


* Inoculations are always made into the left conjunctiva under novocain an- 
esthesia (2 per cent) . 


** Numbers followed by N refer to monkeys inoculated by Noguchi, and proto- 
cols will be found in his report. 

* Received 5 subcutaneous injections of heat-killed cultures of Strain 1 Noguchi 
on Jan. 9, 13, 17, 24, and 31. 

* Received 5 intravenous injections of cultures of Strain 1 Noguchi on Jan. 9 13 
17, 24,and31. 
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TABLE 1 — Concluded 


Monkey 

No. 

Inoculated 

Incu- 

bation 

Result 

Remarks 

Date 

Material 

period 

Left* 

Right 


ms 


days 


■HI 


14 

Feb. 10 

Conj. susp. 

66 

++ + 

+++ 

Lesions persisted 14 


1 

No. 73 N** 




months. Discarded 

15 

“ 

If 


— 

— 


16 

Mar. 9 

Conj. susp. 


— 

— 

Reinoculated May 16, 


1 

No. 72 N 




1928 

17 

ti 

1 

it 


— 

— 

Died of tuberculosis 


1 





May 16, 1928 

18 

u 

it 

24 

++ 

+ 

Lesions persisted 15 






• 

months, but did not 
progress further 

19 

Apr. 13 

Conj. susp. 


— 

— 


1 


No. 2 





20 

>< 

ti 





21 1 

“ 1 

“ 1 





22 

“ 1 

“ 1 





16 

May 16 

Conj. susp. 

83 

— 

++++, 

Died of tuberculosis in 

1 


Nos. 86 N, 
79 N, and 
No. 1 



j 

3 months 

23 

1 

it 


— 



24 

« 

it 


— 

: ^ 


25 

ti 

\ 

it 




1 _ 


26 

it 1 

a 

1 

1 



1 

“June” 

June 20 | 

Conj. susp. 

66 

' + + + 

++++ 

^ Lesions persisted 1 

chim- 

1 

1 

“Venus” 


i 


3 'ear; disappearing 

panzee 


and 81 N 


I 



31 

it 

« 

48 

— 

-j [- 

Died in 4 montlis 

32 

ii 1 

<s 

132 

+++ 

— 

Lesions persisted 13 




1 

1 

1 



months and re- 
mained unilateral. 
Discarded 

33 

a 

1 

it 


— 



34 

iC 

tl 


— 

— 












TABLE 2 

Inoculations unlh Routine Subcultures of Bacterium granulosis (Strain 1 Noguchi) 


ifoakey 

No. 

Inoculated 

Inoiba- 

tloo 

Date 

Material 

period 

27 

ms 

June 12 

Cultures on 

16 days 

28 

tf 

horse 

blood 

and 

horse se- 
rum 


29 

it 

agar 

plus car- 


30 

tt 

bohy- 


“Paulina” 

Aug. 8 

drates 
and on 
semi- 
solid 
medium, 

4 and 13 
days old 
Similar 

16 days 

chim- 

panzee 

35 

it 

cultures, 

4 days 
old 

tt 

36 

tt 

tt 


37 

it 

tt 


38 

tt 

it 


“Julia” 

Nov. 21 

Similar 

42 days 

chim- 

panzee 

41 

it 

cultures, 

4 and IS 
days old 

it 

42 

tt 

tt 


43 

it 

tt 

5 mos. 

44 

it 

it 


61 

1929 

Jan. 24 

Similar 

11 days 

62 

tt 

cultures, 

6 days 
old 

tt 

11 days 

63 

it 

it 

11 days 


Result 

Remarks 

Left 

Right 


++++ 

+ + 

Lesions persisted 6 
months. Cultures 
negative at 176 
day's, transmission 
positive 



Discarded after 140 
days 

^ — 

— 

tt 

1 

1 


it 

1 

1 

Few follicles at border 
of tarsus. Did not 
progress further 

— 

— 


* 

— 


— 

— 


— 

— 




Few granules at bor- 
der of tarsus, and on 
tarsal plate. Did 
not progress further 



Discarded after 6 
months 

1 

— 

1 Discarded after 7 
months 

++ 

+ 'T" 

Lesions receded after 

2 months 



Discarded after 117 
days 

++-h-h 

++++ 

Lesions progressed for 

8 months. Cultures 
positive at 4 months. 
Few follicles remain- 
ing after 11 months. 
Discarded 

-?-+ 

++ 

Transient lesions, dis- 
appeared in 4 months 

-I— i— j- 

++-f 

Died in 3 months 
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BACTERIUM GRANULOSIS AND TRACHOMA 


2. Recovery of Bacterium granulosis {Albuquerque Strain 1) from the 

Monhcy Lesions 

The material used for isolation experiments was similar to that employed for 
direct passage. The basic medium was 2 per cent nutrient agar, adjusted to pH 

TABLE 3 


Recovery of Bacterium granulosis from Monkey Lesions 


Monkey No. 


Inoculated 

c 

.2 

Result 

Date cultured 


Date 

Material 

1 

a 1 
. o 
^ 1 
l-H 1 

Left 

1 

Right 


81 N 

1927 

Oct. 13 

Conj. susp. 

days 

89 

1 

++++ 

+ + + + 

Dec. 5, 1928 

+ 

5 

I92S 

Feb. 10 

“Louisa” 

Conj. susp. 73 N 

66 

++++ 

+++ + 

(390 days) 

Dec. 5, 1928 

+ 

27 

June 12 

Strain 1 cultures 

16 

-j — f..j — |- 

i 

+ + 

(299 days) 
Dec. 5, 1928 


8 

Feb. 10 

Conj. susp. 73 N 

45 

'++++ 

+ + + + 

(176 days) 
Jan. 31, 1929 

+ 

12 


« 

1 

33 

+++ 

++ + 

(356 days) 
Jan. 31, 1929 


46 

Dec. 5 

Conj. susp. No, 5 

47 

+++ 

++ + 

(356 days) 
Jan. 31, 1929 

+ 

i 

9 

Feb. 10 

Conj. susp. No. 

33 

++++ 

+ + + + 

(57 days) 
Mar. 20, 1929 


11 


73 N 

« 

45 

++++ 

+ + + 

(405 days) 
Mar. 20, 1929 

+ 

18 

Mar. 9 

Conj. susp. No. 

24 

++ 

+ 

(405 days) 
Mar. 20, 1929 

1 _ 

61 

1929 

Jan. 24 

72 N 

Strain 1 cultures 

11 

++++ 

+4 — 1 — f" 

(377 days) 

Apr. 5, 1929 

+ 

Chimpan- 

1927 

May 20 

Conj. susp. chim- 

28 

+d — 1 — h 

H — 1 — 1 — h 

(71 dajrs) 

May 8, 1930 

+ 

zee 

“Louisa” 


panzee “Kitty” 
(3d passage) , 




(1083 days) 



7.4, to each 100 cc. of which was added 12 cc. of de&brinated horse blood and 5 cc. 
of a Berkefeld V filtrate of a mLxture of 10 per cent dextrose, 10 per cent saccharose, 
2.5 per cent mannose, 2.5 per cent levulose, and 2.5 per cent inulin. The con- 
junctival suspensions were smeared over the freshly prepared plates, which were 
then strapped with adhesive tape and incubated at 2S°C. for 3 to 6 days. 
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TABLE 4 

Inoculation of Cultures Recovered from Monkeys 



Inoculated 

Date 

Material 


IccubiUoa 

period 


licsult 


Left I Right 



55 Dec. 12 No. 81 N cul- ' 

lures, I gen., 

56 “ 52 hrs. old, 

EcmisoUd me- 
dium 


147 days j-i — f-4 — h 4" 


Discarded after 177 
days 

Lesions persisted 9 
months 


No. 5 cultures, I 100 days +- l-+-i- +4"f + Marked congestion 
gen. 52 hrs. and secretion noted 

old, semisolid 65th day of disease 

medium (Fig. 5). Cultures 

(secretion) negative 


60 Jan. 16 No. 5 cultures, 12 
days old, blood 
agar and semi- 
solid 

59 “ 

64 Jan. 24 No. 5 cultures, 6 
days old, blood 
agar and semi- 
solid 


No. 81 N cul- 
tures 6 days, 
blood agar and 
semisolid 


45 Apr. 3 No. 8 cultures 1, 
n, in gen. 

47 “ 


142 days -f— 1— i— i- -1 — !--{-+ Lesions persisted 4 

months. Still 
marked tvhen ani- 
mal tvas discarded 

11 days -h- 1— {- -{--1—}- Lesions progressed for 

6 months 


11 daj^s +++ 4- ++ 

11 days -f -1-1- -1-f-l- 

22 days -1— f— r 4"4— f- Lesions persisted 6 

months 


11 days -1- 
11 days -}-4— h 


35 days 


Died of pneumonia, 
-4 months 

Receding after 7 
months. Discarded 


± Negative after 5 
months 
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TABLE ^Concluded 


d 


Inoculated 


Result 





Incubation 

period 



Remarks 

M 


1 



o 

Date 

Material j 


Left 

Right 



1929 






52 

Apr. 3 

No. 46 cultures I, 

35 days 


++d-+ 

Lesions persisted 7 



II, III gen. 




months 

53 

t< 

St 



— 


54 

it 

St 

65 days 

+++-1- 

d — 1 — 1 — I 

Lesions persisted 7 







months 

70 

“ 

No. 61 cultures 

1-2 mos. 

++ 

— 

Transient lesions 



III gen., blood 
agar and semi- 
solid 




j 

71 

(t 

U 

21 days 

j+d — 1 — 1- 

d-d-d-d" 

Lesions persisted 6 



1 


1 


months. Discarded 

72 

(t 

1 


i — 

— 


73! 

(t 

St 1 

21 days 

;+ + + + 

d — hd — I 

Lesions persisting (10 


1 





months) 

74| 

May 17 

No. 11 cultures 


— 

— 

Discarded after 4 



blood agar and 
semisolid IV 




1 months 



gen. 





75 

Si 

« 


— 

— 

ts 

76 

SS 

S< 

1 


— 

! — 

St 

77 

si 

“ i 


— 

— 

SS 


Cultures were recovered from 6 of 10 Macacus rhesus cultured, and 
from the chimpanzee “Louisa.” With one exception, these animals 
had all been infected by passage from other monkeys; one rhesus had 
received cultures. The periods elapsing between inoculation and cul- 
ture varied from 57 days to nearly 3 years (1083 days), and the length 
of this period seems to have had no relation to the success of recovery. 
The recovery of the organism from the chimpanzee “Louisa” 3 years 
after inoculation shows that the organism may persist in the experimen- 
tal infection, as in the human disease, for a long period of time. 

The cultures recovered in some instances proved highly virulent 
(Fig. 5). 

3. Recovery of Bacteriufu gra7iulosis fro^n Htiniaji Trachojna. Lcsious 

(a) Fori Defiance Cases. — In Ma}’-, 1929, an e.xpedition was made to 
Fort Defiance, Arizona, where is situated one of the two special schools 
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which the United States Government maintains for the segregation 
of Indian children having trachoma. Five children who had been 
receiving daily treatment %vith copper sulfate or silver nitrate and two 
with advanced trachoma who had never received any treatment were 
selected for study. 

Case 1. K., female, probably betv/cen 7 and 9 years old. Has been in the 
school 1 year; had advanced trachoma when she came. Scar tissue present. 
Treated with silver nitrate daily from Sept. 1928 to Jan. 1929, since then with 
copper sulfate (untU May 16). Tissue taken May 23, 1929. 

Case 2. A. L., female, about 7 3 ’cars old. Has been in the school 2 j-ears. 
Had advanced trachoma when she came. Scar tissue present. Treatment as in 
Case 1. Tissue taken Maj' 23, 1929. 

Case 3. H. T. Y., male, about 8 years old. Has not been in the school and has 
had no treatment. Mostly scar tissue; few follicles along edge of tarsus. Portion 
of tissue showing follicles taken. 

Case 4. S., male, 7 j’ears old. Conjunctivae covered with follicles, not much 
scar tissue. Has not been in the school and has had no treatment. Duration of 
disease unknown. 

Case 3. A. L., female, 12 j'ears old. From St. Michael’s school. Disease 
probably of 3 to 4 j'ears duration. Upper lids show mostly scar tissue, but lower 
lids show foUicles; tissue taken from lower lids. Treatment irregular. 

Case 6. K. A., female, 10 years old. Trachoma of 5 j’ears duration. Mostlj' 
scar tissue ; few follicles. Treatment as in Case 1 . 

Case 7. L. W., female, 9 j'ears old. Mostlj' scar tissue, few small follicles. 
Duration of disease unknor\-n. Treatment as in Case 1. 

The ej'es were washed with sterile saline, and the follicles were removed by Dr. 
Richards after novocain anesthesia (2 per cent) . The medium used was the same 
as that emploj'ed for cultivation from the monkej' conjunctiva, except that some 
plates were made with human blood. The plates, which had been brought from 
New York in a humidor and protected to some extent from drying by being 
strapped with adhesive tape, were again closed with adhesive after inoculation. 
Thej' were transported to New York in the humidor and were 9 daj-s old when 
examined. 

Cultures of Bacterium granulosis were obtained from Cases 3 and 4, 
i.e., from the two cases which had received no treatment. The hmnan 
blood meditun appeared to be as satisfactory as that made with horse 
blood. The cultures were typical of Bacterium granulosis morpho- 
logically and culturally and induced the characteristic conjtmctival 
lesions in monkeys (Table 6). Subsequently their action on carbo- 
hydrates was determined and found to conform with that of the 
Albuquerque Strain 1 of Noguchi. 
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(&) Santa Fc and Albuquerque Cases . — second expedition to the 
Indian Schools was made in September, 1929. We are indebted to the 
Indian Service for providing facilities for the preparation of culture 
medium at the U. S. Indian Hospital in Santa Fe. No advanced un- 
treated cases of trachoma were available for cultural study either at 
Santa Fe or at Albuquerque, and experiments with treated cases 

TABLE 5 


Monkey 

No. 

Date 

1. 

Culture inoc. 

Incu- 

bation 

period 

Result 

Remarks 

Age 

Temp. 

Left 

Right 


m9 

days 


days 


■■■11 


P-1 

June IS 

57 

4”-6°C. 

73 


+ + + ' 

Lesions persisting (8 




44 




months) 




dai's 





P-2 

it 

(C 

a 

it 

++ + 

H — b-l- 

Died after 144 days 

iP-3 

it 

it 

a 

it 

+++ 

H — 1 — h 

Died after 127 days 

'P-4 

Sept. 28 

162 

4°-6°C. 




\ 





149 








days 





P-5 

*< 

a 

t< 


— 

— 


,P-6 

« 

« 

it 



— 



mo 







'P-7 

Feb. 10 

297 

4°-6'’C. 

i 

^ — 






284 








days 





P-8 

it 

i 

a 

ti 

8 

+ + 

1 

++++, 


P-9 

t< 

75 

Room 









69 

I 







days 

1 




uafil 

it 

a 

it 

8 

+ 




proved negative. It is of interest in this connection that a recent 
report of the Indian Service (10) shows a marked decline in the in- 
cidence of trachoma among the New Mexico (Pueblo) Indians, owing 
apparently to the systematic treatment which is being carried out in 
the Pueblo \nllages. 

(c) Lcupp Cases . — Through the kindness of Doctors Proctor and 
Richards, in cooperation wnth Commissioner Rhoads, of the Indian 
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TABLE 6 

Inoculation of Bacterium granulosis from Fort Defiance Cases 


■Hill 

Inocubted I 

Incu- 

Result 





ballon 



Remarks 

Date 

Matenal 

period 

Left 

Right 



1929 


deys 

1 



F. D. 1 

June 10 

Cultures I gen. 

77 


+4-4-4-, 

Lesions progressed for 



7 daj-s semi- 




3 months. Dis- 



solid n gen. 
blood agar 4 
days. Case 3 


i 


carded 5 months 

F. D. 2 

<( 

tt 


— 

— 

Reinoculated with 







pooled strains 

Cases 3 and 4 after 
S months. ++ le- 
sions in 35 daj-s 

F. D. 3 

(f 

1 « 

1 

64 

++4- 

++++ 

Began to recede after 







2 months. Dis- 
carded 7 months 
after inoc. 

F. D. 4 


tt 



— 


CHmpan- 

<( 

tt 


— 

— 

Reinoculated with 

zee ! 






pooled strains 

“ilay” 






Cases 3 and 4 after 
5 months. Nega- 
tive 

F. D. 5 

U 

Similar cultures. 

132 


+++ 

Lesions progressed for 



Case 4 




2 months. Dis- 
carded 1 month 
later 

F. D. 6 

it 

(( 

64 

+++ 

-f-’f-T'f 

Lesions progressed for 







3 months 

F. D. 7 

<i 

tf 

117 

-i- 


Transient lesions 

F.D. 8 

tt 

“ ! 







F. D. '^^9 

July 27 

Case 4 cultures 


— 

— 

Discarded after 



nijIVjVgen. 

i 

: 

— 

months 

F. D. 10 

(( 

7, 14, 19, 25 


_ 1 



tc 

F. D. 11 

(( 

dayssemisolid 
med. and 

blood agar 


■ 

“ 

tt 

F. D. 12 

Nov. 11 

Pooled cultures. 

35 

■*”1" , 

+++ 




Cases 3 and 4 
10 days semi- 
solid 





F. D. 13 

(C 

tt 

35 

-1- 

+ 

Died 78 daj-s after 







inoc. 
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TABLE 6~Condiided 


Monkey No. 

Inoculated 

Incu- - 
bation 

Result 

Remarks 

Date j 

Material 

period i 

1 

Left 

Right 


;p^p 


days 




Passage 

from 







F. D. 3 

F. D. 14 

Aug. 16 

Conj. SUsp. No. 


. . 





F. D. 3 





F. D. 15 1 

it 

tt 


i _ 

1 “ 


F. D. 16 

« 

tt 


— 

— 


F. D. 17 

tt 

tt 


— 

— 



Service, a search for untreated cases of trachoma was made in the 
Navajo territory in Arizona, where systematic treatment has been less 
successfully applied because of the nomadic habits of the Navajos. 
It was found that at the Indian School at Leupp the treatment had 
not been carried but for at least 6 months, no physician having been 
on duty regularly. Thirteen cases were selected by Dr. Richards for 
study. Of these, 6 were cases of granular conjunctivitis of recent 
onset in which the diagnosis was not altogether certain, but in which 
there had been no treatment whatever, 5 were unquestionably tra- 
choma, and 2 showed evidence of the beginning scar tissue formation, 
indicating that they were in all probability trachoma. The clinical 
data are presented in Table 7. 

The follicular material used for inoculation of the culture media was removed by 
Dr. Richards, the eyes being first washed with sterile saline and the lids anesthe- 
tized with 0.5 per cent novocain. The usual medium was employed, i.e,, blood 
agar plates containing horse or human blood and a mixture of carbohydrates. 
The latter ingredient was the mixture original^’’ used by Noguchi (1) . It had been 
sterilized fractionally for 10 minutes on 3 successive days at 103°C. in a pressure 
cooker. There was some sedimentation on cooling, and only the clear super- 
natant fluid was added to the medium. The plates, which were prepared in 
Santa Fe the day previous to their use in Leupp, were strapped with adhesive tape 
after inoculation and brought back to New York in a humidor. They were not 
opened until arriv^al in New York, 9 days after inoculation. The weather condi- 
tions on the da}' of inoculation were unfortunate, in that high winds prevailed, and 
much sand and dust blew in through the windows and skylight of the operating 
room, where the cultures were made, hence the plates were in most cases nearly 
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overgrown with molds by the 9th daj\ A few, however, were less seriously con- 
taminated, and colonies of Bacterium granulosis were found to be present. The 
follicle suspensions were brought back to New York and fresh plates inoculated. 


TABLE 7 


l9 

Patieat 

Age 


Resurts 

Cultorr 

1 

E. L. 

7 

Trachoma. Beginning 
scar tissue 

Fairly recent case. 
Treated last year 

— 

2 

M.N. 

9 

Doubtful (i.e., no scar 
tissue) 

May be beginning tra- 
choma. Treated 

last year 


3 

P.T. 

7 

i 

tt 

May be beginning tra- 
choma. Treated 

last year 


4 

F.C. 

14 

Unquestionably tra- 
choma. Scar tissue 
present 

Old case. No treat- 
ment since last May 

+ 

5 

! 

J.D. 

10 

it 

Old case. Treated last 
year 


6 1 

1 

H. W. 

6 

Recent case; some evi- 
dence of beginning 
scar tissue formation 

Treated last year 


7 

IS-LC. 

9 

Recent case; some evi- 
dence of beginning 
scar tissue. Follicles 
in left eye only 

Treated last year 

i 

8 

H. 

9 

Unquestionably tra- 
choma. Scar tissue 
present 

No treatment since last 
May 


9 

H. 

6? 

Doubtful (f.e,, no scar 
tissue) 

No treatment 

t 

*r 

10 

I.M. 

6? 

(C 

(( (C 


11 

K. W. 

7 

cc 

<( (C 


12 

M. (Keems 
Canyon) 

9 

! 

Unquestionably tra- 
choma. Scar tissue 
present 

<( (C 

— 

13 

E. M. 

10-11 

Doubtful (».e., no scar 
tissue). Right ej-e 
only affected 

it It 



From the 4 cases which were regarded as unquestionably trachoma, 
Bacteritiin gramilosis was obtained in 3. The organism was also ob- 
tained from Case 6, which showed evidence of early scar tissue forma- 
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tion, and from Case 9, which showed no scar tissue. The results of 
inoculation of the pooled cultures from Cases 5, 6, and 9 are recorded 
in Table 8. The lesions in Monkey L-6 are shown in Fig. 1. 

4. CulUiral and Biological Characteristics of the Various Strains 

{a) Viability. — Bacterium granulosis remains viable for long peri- 
ods on the semisolid (“leptospira”) medium, and cultures 6 months 
old, kept at room temperature, with no other protection than the 


TABLE 8 

Inoculation of Bacterium granulosis from Lettpp Cases 


Mon- 

key 


Inoculated 

Incu- 

bation 

Result 

Remarks 

No. 

Date 

Material 

period 

Left j 

Right 

L4 

im 

Nov. 22 

Pooled cultures 

Cases 5, 6, and 9, 
I-II gen. semisolid 
med., blood agar 
plus carbohy- 

drates, and hor- 
mone agar plus 
carbohydrates 48- 
72 hrs. old 

days 



1 

L-2 

a 

1 

(( 

13 

+ + 

+++-1- 

++++ at 74 days 

L-3 

u 

(< 

13 

+ + 

+ + 

+-f “ “ “ 

L-4 

ii 

f< 




Died 13 days after 
j inoc. 

L-5 

U 

(( 

13 

-j-_j — 

++ + + 

++++ at 74 days 

L-6 

« 

<< 

13 

+ + + + 

++++ 

1 ++++ “ “ “ 


cotton plug, are readily transplantable. Even on a plain agar slant, 
on which the organism grows less readily, it has been found to remain 
transplantable for at least 49 days. It is probable that the bacterium 
lives as long as the medium contains a certain amount of moisture. 
Cultures kept in sealed ampoules for periods of 6 weeks to 10 months 
at 4° to 6°C., and for 69 days at room temperature, have proven 
viable and infective (Table 5). 

(b) Cultural Characteristics. — The cultural characteristics of the 
strains of Bactermm granulosis thus far isolated have been practically 
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constant. In Tables 9 and 10 are shown the results of fermentation 
tests of the original strain and of the six strains isolated b)’’ us from 
Indian trachoma, as well as seven strains isolated by Finnoff and 
Thygeson (3) and one by Kendall (5), v;hich these workers kindly 
sent us. 

The tests recorded in Table 9 were made on Hiss serom water medium contain- 
ing 1 per cent of the respective carbohydrates and litmus (about 0.01 per cent of a 
25 per cent solution) as indicator, to which were added 10 per cent horse serum 
and 0.2 per cent horse hemoglobin; those shown in Table 10 were made on Dim- 
ham’s peptone water containing 1 per cent carbohydrate and 1 per cent Andrade 
indicator (0.5 per cent acid fuchsin to which normal sodium hydroxide is added 
until the dye is decolorized). With the latter media a definite acid reaction is 
evident in 3 to 5 days, the lactose being the only one of the carbohydrates affected 
which shows no reaction until after this period. The use of Durham tubes shows 
that no gas is formed in any of the carbohydrate media. 

Baclerium granulosis reduces nitrates to nitrites but forms no indole. 
It does not liquefy gelatin. 

It has been found that after a few subcultures, all the strains of 
Bacterium granulosis grow well on nutrient agar (veal infusion agar 
containing 1 per cent of Witte’s peptone and 0.5 per cent sodium 
chloride). The medium must be freshly prepared. Growth is more 
abundant if the agar is enriched by the addition of a carbohydrate mix- 
tmre and horse blood or rabbit hemoglobin. A number of carbohy- 
drates has been added individually to the horse blood agar medium in 
a concentration of 2 per cent; of these, media containing dextrose gave 
the best growth. 

(c) Reaction to Gram’s Stain. — Since Bacterium granulosis failed to 
retain an appreciable amount of the Gram stain (Sterling’s gentian 
violet) when decolorized for 2 minutes and counterstained with dilute 
fuchsin, Noguchi regarded it as Gram-negative. It may be noted that 
Morax (11) regards it as Gram-positive, and since he apparently does 
not make use of a contrast stain in his technique, his point of view is 
comprehensible. However, after a contrast stain, even one as weak as 
Bismarck brown, no Gram stain can be detected in young, actively 
growing cultures. In old cultures, or cultures grown under unfavor- 
able conditions (e.g., in dextrose broth), numerous bizarre forms are 
seen which may retain the Gram stain. A form with an equatorial 
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swelling, suggesting a central spore, is not uncommon in such cultures 
and usually stains Gram-positive, especially in the central portion. 

{d) Effect of Heat. — Bacierinm gramlosisis ratlier sensitive to heat- 
ing, being killed by exposure for 10 minutes to a temperature of 57°C. 
The thermal death point was tested by submerging sealed ampoules 


TABLE 9 

Fermcnlalion Tests. Hiss Scrum Water Medium 



F. t>. 3 

iF.n. 4 

B 

mm 

g 


Dextrose 

+ 

+ i 

+ 

+ 

4- 

+ 

Levulose 

-f 

+ i 

+ 

+ i 

+ 

+ 

Mannose. 

+ 

+ 

+ 

+ 

4- 

+ 

Saccharose 

+ 

+ 

+ 

+ 

+ 1 

+ 

RafSnose 

+ 

+ 

— 

+ 

4- : 

_ 

Inulin 

+ 

+ 

— 

— 

— 

+ 

Galactose 

+ 

+ i 

+ 

+ 

+ 1 

+ 

Maltose 

+ i 

+ i 

+ 

+ 

4- 

+ 

Salicin 

+ 

+ 

+ 

+ 

4- 

4- 

Xylose 

+ 

+ 

+ 

4- 

4- 

+ 

Mannitol 

-f 

-t- 

-f- 

4- 

4- 

+ 

Dextrin 

+ 1 

+ 

+ 

4- 

4- 

+ 

Arabinose 

i 

+ i 


+ 

4- 

4- 

Amygdalin 

4- 

+ 

+ 

4- 

4- 

+ 

Lactose i 

+ 

+ i 

+ 

+ 

4- 


Dulcitol 



— 

— 

— 

1 — 

Rhamnose 


|9 

-h 

+ 

+ 

1 4- 

Trehalose 



~h 

B 

B 

t 4- 

Sorbitol 

111 





— 

Inositol i 


o 


B 

H 

— 

None 

BH 

B 

B 

Ei 

Hi 

— 


+ , color of indicator changed to red. No coagulation. 

— , no change in color of indicator. 

Readings recorded were made at 9 days. No change occurred after this time, 
and the tubes were discarded at 14 daj's. 

F. D. = Fort Defiance. L. = Leupp. 

containing 0.5 cc. of a rich culture (5 days old on the semisolid medium) 
in water at temperatures var 3 dng from 52°C. to 65°C., and 5 and 10 
minute exposures were made at each temperature. The whole amount 
of the heated culture was transferred, immediately after the heating, 
to fresh semisolid medium. 
















TABLE 10 

Fcmcnlation Tests, Dunham's Peptone Water Medium 
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(e) Effect of Cocaine. — The organism is also sensitive to the action of 
cocaine hydrochloride, being killed in 5 minutes by 4 and 5 per cent 
solutions, and in 15 minutes by weaker solutions (2 and 3 per cent). 
Similar concentrations of procaine hydrochloride (novocain) have no 
inhibitory effect on its growth. In obtaining material for cultivation, 
therefore, it is desirable to avoid long exposure to high concentrations 
of cocaine. 

SUMMARY AND CONCLUSIONS 

One of the strains of Bacterium granulosis isolated by Noguchi in 
1926 has been maintained in culture and in monkeys and continues to 
be capable, after 3 years, of inducing a chronic granular conjunctivitis 
in monke)''s. Cultures of this strain have been recovered from the 
monkey lesions as late as 3 years after inoculation and have been 
shown to reproduce the granular disease in monkeys. 

Six additional strains of Bacterium granulosis have been isolated 
from cases of trachoma occurring in the Indian schools of Arizona. 
The cultures thus obtained are identical morphologically and culturally 
with tliose isolated by Noguchi and have induced the same chronic 
granular conjunctivdtis in monkeys. Advanced untreated cases are 
more favorable for cultural study than treated cases. 

Cultures of Bacterium granulosis kept on semisolid medium contain- 
ing 10 per cent rabbit serum (“leptospira medium”) remain viable 
for many months at room temperature, and sealed ampoules of such 
cultures have been found to retain their pathogenicity for the monkey 
conjunctiva for at least 69 days at room temperature and at least 
2S4 days at 4° to 6°C. 

Several additional cultural and biological characteristics of Bac- 
terium granulosis have been described. Of outstanding importance 
is the fact that cocaine, in contradistinction to novocain, has a bacteri- 
cidal effect on the organism. This fact, in view of the common use of 
cocaine for anesthesia, may explain the negative results of cultivation 
ex-periments reported by some workers. 
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EXPLANATION OF PLATE 26 

Fig. 1. M. rhesus L-6, 19 daj’s after inoculation with pooled cultures from 
Leupp cases. 

Fig. 2. If. rhesus 80, 2\ years after inoculation (1), showing presence of scar 
tissue. 

Fig. 3. M. rhesus 5, 1| years after inoculation, when the lid showed renewed 
activity of the lesions, and the left cornea became diffusely cloudy. 

Fig. 4. M. rhesus 61, 57 days after inoculation with routine subcultures of 
Albuquerque Strain 1. 

Fig. 5. M. rhesus 51, 65 days after inoculation with oiltures recovered from 
M. rhesus 5. 






THE TRANSMISSION OF PERIODIC OPHTHALMIA OF 
HORSES BY MEANS OF A FILTERABLE AGENT 
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{From the Wilmcr Ophthalmological Institute and the Department of Medicine of the 
Johns Hopkins Unkersity and the Johns Hopkins Hospital, Baltimore) 

Plates 27 to 31 

(Received for publication, June 2, 1930) 

In a previous communication (1) one of us together with Burky re- 
ported the results of a bacteriological study of periodic ophthalmia in 
horses. Both aerobic and anaerobic cultures of eyes freshly enucleated 
from horses with both active and quiescent periodic ophthalmia, were 
uniformly negative. The disease, however, has been shown by others 
to be definitely transmissible by inoculation into a normal eye of an 
exudate from an eye that was the seat of active disease. The purpose 
of this paper is to report the patholog>' of the disease as observed in 
the epidemic which we have investigated and to publish observations 
indicating that in this particular epidemic the disease was caused by 
a filterable agent. 

In the fall of 1926 there occurred a sudden outbreak of periodic 
ophthalmia among thorough-bred horses on a farm located in high- 
rolling country in northern Maryland. The clinical appearance of 
the disease in this epidemic was identical with that observed elsewhere, 
and did not differ from that seen in sporadic cases which have come 
to our attention. The disease is essentially a recurrent serous uveitis. 
The onset is characterized by lachrymation, oedema of the periorbital 
fold, slight haziness of the cornea,' the occurrence of a gelatinous, 
mucopurulent exudate in the anterior chamber, and the usual signs 
of iritis with synechiae and exudations into the vitreous. Exudates 
in the retina occurred, but were difficult to study on account of the 
disease of the anterior portions of the uvea. 

The initial attack usually lasts from 4 to 10 days and then subsides, 
resulting at first in little permanent damage. The period of remission 
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is irregular, varjdng usually from 3 to 6 weeks, after which a fresh 
attack occurs. The attacks recur one after the other with increasing 
or decreasing severity. In a few horses the eyes recover from the 
attacks and show only small vitreous opacities, occasional posterior 
synechiae and varying amounts of retinal atrophy. In a few of the 
horses in which such recovery occurred there was almost complete 
retinal atrophy with resultant blindness, while in others the only evi- 
dence of the disease was limited to several vitreous opacities. The 
commonest outcome, however, is for the attacks to occur with in- 
creasing severity, with the formation of complete posterior annular 
synechiae, secondary glaucoma, cataract and ultimately moderate 
phthisis bulbi. 


Pathology 

The pathology of the disease has been described by several authors, 
and most recently by Heinrich Jakob (2). These descriptions, how- 
ever, do not correspond exactly with the picture we have constantly 
observed in the horses studied. 

The characteristic lesion we have observed appears to be a focal 
mononuclear infiltration of the uveal tract, the pigment epithelium, 
the retina and the optic nerve. 

This focal infiltration spreads, cyclitic membranes may form, and scarring with 
complete detachment of the retina maj'- take place. The mononuclear infiltration 
occurs throughout the optic nerve and in focal points throughout the retina. In 
advanced, severe cases a heavy cjxlitic membrane covers the ciliar)’^ process. The 
cyclitic membrane is densely infiltrated with small round cells. Follicular accumu- 
lations of round cells, which superficially resemble Ijunph follicles, are found through- 
out tlie stroma of the uveal tract and in the cyclitic membrane. The essential 
features of the pathological picture are illustrated in the micro-photographs. 

Figs. 1, 2, 3, 6, 7, 10, 11 show, under different magnifications, tj’pical lesions 
from a number of different horses whose \dsion was destroyed by the natural 
disease. 

One of the most notable features in the pathological picture is tlie formation 
of follicular collections of round cells, which superficially resemble lymph-follicles. 
These may occur in the stroma of the iris, or outside the normal tissues of the ej'e, 
lying in the inflammatorj- cyclitic membrane. Fig. 12 shows the tj'pical appearance 
of these follicular collections of cells. WTiile these collections superficially resemble 
hunph-follicles, they appear, on closer inspection, to differ from them. The 3 ' have 
no germinal centers; capillaries are present, and both large and small mononuclear 
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cells arc found, togclhcr with plasma and epithelioid cells. Further, v.-c could 
find no sinuses, such as arc found in true lymph-follicles. Stained with the Foot 
stain, the reticulum charactcrisUc of true hunph-folliclcs could not be demonstrated. 

WTiether the follicular collections of cells are pathognomonic of this 
disease cannot be said as yet. They have been constantly ob5er\'ed 
in all the horses with periodic ophthalmia tliat we have studied, and 
we have not found them in the eyes of horses wdth uveitis caused by 
bacteria. Further study of uveitis in horses produced by other agents 
will be necessary to determine whether or not the collections of cells 
are to be considered as a specific feature of periodic ophthalmia. 

EXPERIMENTAL 

Our first studies on the etiology of this disease were concerned with 
an attempt to cultivate a bacterium from the diseased eyes. All 
aerobic and anaerobic cultures from eyes shoudng the disease in both 
active and quiescent form were entirely negative. We were forced 
therefore to disagree with Rosenow’s (3) conclusion that a Gram nega- 
tive flavobacterium is the etiological agent of the disease. After 
numerous attempts to demonstrate other possible causes such as 
spirochetes, plasmodia, and tuberculin hj'persensitivity, none of which 
were successful, we considered the possibility of a filterable agent as 
the specific etiologic factor. ’ 

A horse in the acute stage of the disease was sacrificed and the eyes removed. 
One eye was saved for histological study, and the other, affected with the disease 
in the acute stage, was opened under aseptic precautions, the aqueous and vitreous 
hiunors as well as the retina and uveal tract removed and ground up in a sterile 
mortar with sterile sand and several cubic centimeters of physiological salt solution. 
The supernatant fluid was then passed through a Berkefeld N filter. This filtrate 
was tested for sterility b)^ aerobic and anaerobic cultures on rabbit blood agar, 
glucose beef mfusion broth and cooked meat medium under vaseline seaL Under 
butyn anaesthesia 0.5 cc. of this filtrate was then injected into the vitreous humor 
of a normal horse. Within 24 hours the horse developed the clinical picture typical 
of periodic ophthalmia, with oedema of the periorbital fold, lachrymation, photo- 
phobia, dliary congestion, exudation in the anterior chamber, vitreous opacities 
and the evidence of an acute iritis. The attack lasted about 10 days, then sub- 
sided and recurred several times. 

This experiment indicated that it was possible to recover from the 
eyes of horses with periodic ophthalmia a filter-passing agent which 
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was capable of producing the clinical picture of the disease in a normal 
horse, but gave no indication as to whether or not the agent was a 
living virus. In order to throw light on this point it was decided to 
attempt to transmit the disease to other species with the hope of 
carrying it through several transfer-generations of animals, because of 
the expense entailed in the use of horses. Rabbits were selected for 
this purpose, and a second horse with periodic ophthalmia in the acute 
stage was sacrificed and the eyes enucleated. One eye was saved for 
histological study and a filtrate was prepared from the second eye in 
the manner described above. Inasmuch as the same technique for 
preparing and testing the filtrate for sterility was used throughout all 
the transmission experiments we shall, for the sake of brevity, refer 
to these procedures as the “usual technique.” The clear filtrate, 
proven sterile by culture, was injected directly into the vitreous of 
each eye of a series of six rabbits. All injections were made while the 
rabbits were under the influence of an anaesthetic. 

There quickly developed in these rabbits a clinical picture which, 
while not similar in every respect to that observed in horses, was 
nevertheless quite constant. 

There was no %nsible involvement of the anterior uvea, but within 24 hours there 
developed an acute retinitis with fluffy exudates throughout the retina. In some 
of the animals the lesions tended to recur after a remission of 2 to 3 weeks. The 
histology of these lesions is described below. Control inoculations into normal 
rabbits’ eyes with filtrate of emulsions from normal horses’ eyes failed to produce 
such lesions, and aerobic and anaerobic cultures of the diseased eyes ^yere sterile. 

These facts warranted the surmise that the disease had been trans- 
mitted successfully to rabbits by the intra-vitreous injection of a fil- 
trate from the eyes of a horse with periodic ophthalmia. 

Acting on this assumption, an attempt was next made to carr}’' the 
disease from the rabbit back to the horse. 

A normal horse (No. 2) was inoculated directlj' into the vitreous with 1 cc. of 
a filtrate prepared according to the usual technique from one diseased e^^e of each 
of three of the e.xperimentally infected rabbits. Within 24 hours after inoculation 
the horse showed the tj^ical picture of periodic ophthalmia observed in horses with 
the natural disease. The acute sjmptoms persisted for 10 days and then subsided. 
3 weeks later the disease recurred and there was subsequently a second recurrence. 
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This experiment suggested that the filterable agent was capable of 
propagation in the rabbit’s eye, but as the transmission had been made 
through a single transfer-generation of rabbits from the naturally 
diseased horse to the experimentally infected eye of the horse, it was 
necessary to elaborate the original experiment in order to establish 
this theory’. 

An attempt was made therefore to transmit the disease from horses 
to rabbits and to cany it through several transfer-generations of 
rabbits in succession before making the crucial experiment of trans- 
mitting it to the horse. 

Accordingly another horse with periodic ophthalmia was sacrificed and a filtrate 
prepared with the usual technique from the acutely diseased eye. This filtrate, 
proven sterile by aerobic and anaerobic cultures, was injected into the \'itreous of 
each eye of a series of four rabbits. All four rabbits developed a retinitis similar 
to that observed in the preceding e.xperiments. After an interval of 2 weeks, two 
of these rabbits were sacrificed, the eyes removed, cultured by both aerobic and 
anaerobic methods, and a filtrate prepared from them. A second series of four 
rabbits was inoculated by intravitreous injection with this filtrate. The remain- 
ing two rabbits were kept for further observation and for histological study. 

In this manner the disease was carried through six successive trans- 
fer-generations of rabbits with the constant occurrence of the typical 
retinitis. Aerobic and anaerobic cultures were made of aU eyes re- 
moved for preparation of filtrates. These cultures were uniformly 
negative. Occasionally a rabbit was encountered which showed no 
lesions after inoculation. Such rabbits were not used for transfer. 
These rabbits which appeared refractory to inoculation were the ex- 
ception, for the occurrence of the retinitis was remarkably constant 
throughout. 

A filtrate from the eyes of three rabbits of the sixth transfer-genera- 
tion was then inoculated into the vitreous of the left eye of each of 
two normal horses (Nos. 3 and 4). Both of these horses developed a 
clinical picture similar to that observed in the natural disease. 

The initial sjTnptoms were oedema of the periorbital fold, lachrjTuation, photo- 
phobia, cihary congestion and the occurrence of a gelatinous, mucopurulent exu- 
date in the anterior chamber. The signs of inflammation were noted 24 hours 
after inoculation, and they reached their height within 48 hours. The initial 
attack lasted from 1 to 2 weeks and then diminished, leaving only slight evidence 
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of inflammation. In each horse the disease recurred after periods of from 2 to 
4 weeks. One horse (No. 3) was apparently very susceptible. The injected eye 
showed an unusually severe reaction. The attacks recurred with increasing sever- 
ity, and the final picture was similar to that observed in cases of severe natural 
disease — complete posterior synechiae, cataractous lens, and moderate phthisis. 
The other horse (No. 4) had four attacks, each less severe than the preceding one. 
The attacks finally ceased spontaneousli'-, and the picture was then similar to tliat 
observed in the eyes of horses in which the natural disease had healed normally, 
as the only evidence of the disease was some clouding of the vitreous and a few 
posterior S 3 mechiae. None of the e.xperimental horses had any sj^mptoms of in- 
volvement of the control or uninjected eye. 

Controls 

The following control experiments were performed. 

1. A filtrate was prepared in the usual manner from the eye of a 
normal horse and injected into tlie vitreous of each eye of four rabbits. 
The eyes of these animals did not exhibit the retinitis observed in the 
eyes of rabbits injected with filtrates from the eyes of horses with 
periodic ophthalmia. Histological study of these eyes showed no 
pathological lesions. 

2. The eye of a normal horse was injected with 2 cc. of sterile filtrate 
obtained from normal rabbits’ eyes. This horse showed a moderate 
reaction following the injection which lasted about 48 hours. Within 
4 days the eye appeared entirely normal, and remained so for a period 
of 3 months observation. The horse was then sacrificed. Histological 
examination of the inoculated eye showed no pathological lesions 
resembling, even remotely, those of periodic ophthalmia. 

3. In order to exclude a possibility that the experimental lesions 
were due to traumatism alone, salt solution was injected into the 
vitreous of the eyes of normal rabbits and of a normal horse. Clinical 
and histological examination of these eyes revealed no pathological 
lesions. 


Pathology in Experimental Rabbits 

The pathological lesions found in the experimental rabbits were less 
extensive than those found in the horses. They consisted chiefly in 
focal areas of acute retinal inflammation wnth disorganization of the 
normal retinal picture by round cell infiltration, w’hich was fundamen- 
tally the same as the pathological lesion found in horses. No follic- 
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ular collections of cells were observ'cd. These lesions were seen both 
in the acute stage and the stage of repair. Figs. 8 and 9 show such 
lesions. Occasionally lesions in the choroid were found, although as 
a rule the uveal tract was remarkably free from abnormalities. 

The optic ncr\'e was also involved in a few rabbits showing mono- 
nuclear infiltration of the stroma and of the tissues over the surface 
of the nerve. Fig. 13 illustrates such lesions. 

One rabbit showed a definite infiltration in the sheath of the optic 
nerv'e, such as is found in meningitis, the cells near the ner\'ehead 
being chiefly mononuclear in tj^pe, while poljTiuclear cells were found 
posteriori}' in the sheath of the ner\'e (Fig. 4). 

We have as yet made no intra-cerebral injections of this filterable 
agent, and the brains of the e.vperimental rabbits and horses have not 
yet been studied, so that we have no information as to the condition 
of the central nervous system. 

Pathology of Disease in the Inoculated Horse 
The lesions in the disease produced e.Tperimentally were uniformly 
of the same character as those found in the natural disease. 

Figs. S and 14 to 17 illustrate the various pathological lesions found in Horse 3 
in -which the attack recurred with increasing severity until the disease reached the 
end stage: mononuclear infiltration of the iris -with collections of round cells (Fig. 
14) ; acute lesions of the choroid and retina -with proliferati-ve changes, and disor- 
ganization and infiltration of the retina by mononuclear cells (Fig. 15); foUicuIar- 
like collections, chiefly of mononuclear cells, Ij-ing both in the stroma of the an- 
terior uvea and in the cy'ditic membrane (Figs. 16 and 17) and optic neuritis -with 
mononuclear infiltration of the nerve stroma (Fig. 5). 

The eyes of the other two horses (Nos. 2 and 4) in which the clinical picture of 
the disease was produced experimentally, finally healed, and at the time the horses 
were sacrificed the eyes showed but little clinical abnormality. Pathological study 
of the eyes of these horses, as might be expected, did not show the pronounced 
changes found in the eyes which were the seat of advanced disease. 

One horse (No. 2) showed several focal areas of round cell infiltration throughout 
the stroma of the anterior uvea, while the other horse (No. 4) showed some diffuse 
cellular infiltration around the pectinate ligament and the root of the ciliary 
processes. We have, unfortunately, no histological preparations of eyes from 
horses that have recovered from the natural disease, but clinical examination of 
such eyes gives no reason to suppose that more extensive pathological lesions 
could be found than these illustrations show. The lesions found in these two 
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horses illustrated in Figs. 18 and 19, were what might be e.\'pected in horses in 
which the disease had healed after several acute attacks. 

COMMENT 

These experiments were designed to solve the problem of whether 
periodic ophthalmia in horses can be successfully transmitted b}^ means 
of a filter-passing agent. We believe it has been. The reasons upon 
which we base our belief are three-fold. First, the experimental 
disease is indistinguishable clinically from the disease as it is ob- 
served in nature, not only in the actual appearance of the lesions but 
in the relapsing course which they pursue. Secondly, the pathological 
lesions in the experimental disease and in the natural disease are iden- 
tical. Thirdly, we could find no evidence that bacteria produced 
these lesions. Aerobic and anaerobic cultures made from eyes in the 
acute stage of the disease gave uniformly negative results, and 
sections of such eyes, stained by special methods did not show 
either bacteria or spirochetes. Furthermore, the infiltration with 
mononuclear cells, and the almost complete absence of polymor- 
phonuclear cells in the exudates would be unusual in a disease caused 
by bacteria such as are usually found in pyogenic inflammations. We 
believe therefore these experiments to indicate that this epidemic of 
periodic ophthalmia in horses is caused by a filterable agent, and that 
the disease can be transmitted to other animals by the intra-vitreous 
inoculation of this agent. The successful transmisson of the disease to 
the horse after successive transfers through six series of rabbits indi- 
cates that the agent is capable of propagation in this species and be- 
longs to the group of filterable viruses. In the main this agent 
appears to attack the optic nerve, retina, pigment epithelium, and the 
uveal tract. \\Tiether the involvement of the uveal tract is an exten- 
sion of the inflammation from the retina and pigment epithelium of the 
ciliary processes cannot be stated. In rabbits the disease produced 
b}'- this filterable agent is limited almost entirely to the nervous struc- 
tures of the eye, while in horses the onset and involvement of the 
anterior uvea are so sudden and abrupt that it is impossible to tell 
where the initial lesion starts. 

It is also b}' no means certain that the action of this filterable agent 
is limited solely to the eyes. Two horses and a number of rabbits 
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were autopsicd and sections oi the viscera studied histologically, but 
no lesions were found. The brains and spinal cords, however, were 
not examined in any of the animals. Sections of the optic nerves, 
both of the horses and rabbits, suggest the possibility that disease of 
the central nervous S3’Stem mav' also occur. None of the horses under 
observ'ation died from natural causes, but there was a low mortality 
among the e.xperimcntal rabbits. It has been noted that horses af- 
fected with the disease appear irritable and tend to throw' their heads 
up unduly. The rabbits were observ'ed at regular intervals, but we 
did not see in them anj' symptoms of central neiv'ous system involve- 
ment. We can therefore hazard no opinion as to this possibility', other 
than that the sections of the ej'es suggest that there may have been 
such involvement. Tlus is a point for future investigation. 

We have not been able to demonstrate inclusion bodies. In a 
number of sections we have found granules in cells which suggested 
inclusion bodies, but in no instance could these be definitely identified 
as such. An explanation of our failure to find such bodies may be that 
they are found chiefly in the early stages of diseases caused by filterable 
agents; our sections of eyes with the natural disease were all obtained 
from blind horses in which the disease had reached the end stage. 
Likew'ise, our experimental horses were all in the late or healed stages 
of the disease at the time of autopsy, for in the transmission experi- 
ments it was necessary to observe the horses for a long period of time 
in order to establish the clinical picture of recurrent attacks. 

Not all horses appear uniformly susceptible to the disease. The 
morbidity rate in a herd is relatively low. There was a marked varia- 
tion in the severity of the clinical picture both in the natural disease 
and in that experimentally induced. UTiile the eyes of a few horses 
affected rvith the natural disease eventually healed with little or no 
final damage to the eyes, the disease usuaUj' progressed until there was 
more or less complete scarring of the eyes with concomitant loss of 
vision. The comparative mildness of the experimental disease in a 
few instances may possibly be attributable to a partial natural immim- 
ity. The low morbidity of the disease in a herd is in harmony' with 
this conception. Moreover, not all rabbits appear to be susceptible 
to the experimental disease. A few were encountered which showed 
no reaction to the intra-vitreous injection of the filterable agent. 
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We have no knowledge of the mode of infection or the natural method 
of transmission of the disease. Intravenous inoculation of filtrates 
into four rabbits gave negative results. We cannot state whether 
or not this filterable agent is similar to any of the other filterable 
viruses so far studied, or if it constitutes a specific entity in itself. 
We have as yet made no studies on the possible protective or thera- 
peutic properties of convalescent serum. These are all points for 
further investigation. 

CONCLUSIONS 

A filterable agent has been obtained from the humors and tissues 
of the eyes of horses suffering from active periodic ophthalmia. The 
intra- vitreous injection of this filtrate produced in normal horses the 
same clinical and pathological picture obser\>'ed in the natural disease. 
This filtrate injected into rabbits produced a different clinical picture, 
but the essential pathological lesions closely resembled those found in 
horses. After passage of the filterable agent through six generations 
of rabbits, it again produced the clinical and pathological picture of 
the natural disease when injected into the eyes of normal horses. 

It appears, in tliis epidemic at least, that this filterable agent was 
the specific etiological factor of the periodic ophthalmia. 

In conclusion we desire to express our thanks to Major G. L. Stryker 
for the gift of horses with the disease, and for his cooperation and 
assistance throughout the course of this investigation, without which 
it could not have been conducted. We are indebted to Dr. F. B. 
Kindell and Dr. S. S. Blackman for autopsy examination of horses, 
to Dr. Jonas Friedenwald and Dr. F. H. Verhoeff for their valuable 
assistance in the examination of the histological specimens of the eyes, 
and to Dr. T. B. Turner for aid in the manipulations incident to 
transfer. 
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EXPLANATION OF PLATES 
Pl\te 27 

Fig. 1. (Natural disease.) Mononuclear infiltration of stroma of iris and follic- 
ular accumulation of round cells (high power) 

Fig. 2. (Natural disease.) Afonocellular infiltration over ciliary processes. 

Fig. 3. (Natural disease.) Optic neuritis. 

Fig. 4. (Experimental disease in rabbit.) Mononuclear infiltration in sheath 
of optic nerve. 

Fig. 5. (Experimental disease in Horse 3.) Optic neuritis with mononuclear 
infiltration of nerve stroma. 


Plate 28 

Fig. 6. (Natural disease.) Focal lesion in retina; mononuclear infiltration. 
Fig. 7. (Natural disease.) Disorganization and atrophy of retina in advanced 
disease. 

Fig. 8. (Experimental disease in rabbit.) Acute lesion of retina. 

Fig. 9. (Experimental disease in rabbit.) Healing lesion of retina with fibrosis. 

Plate 29 

Fig. 10. (Natural disease.) Acute lesion over pigment epithelium and follicular 
accumulation of mononuclear cells. 

Fig. 11. (Natural disease.) Mononuclear infiltration of choroid. 

Fig. 12. (Natural disease.) Follicular accumulation of mononuclear cells 
(low power). 

Fig. 13. (Experimental disease in rabbit.) Optic neuritis. 

Plate 30 

Fig. 14. (Experimental disease in Horse 3.) Mononudear infil tration of iris 
and follicular collection of cells. 

Fig. 15. (Experimental disease in Horse 3.) Acute lesion in choroid with dense 
mononudear infiltration. 

Fig. 16. (Experimental disease in Horse 3.) Infiltration and follicular accumu- 
lation of mononudear cdls in anterior uvea (low power). 

Plate 31 

Fig. 17. (Experimental disease in Horse 3.) Follicular-like collection of 
mononuclear cells l 3 Tng in the inflammatory cj'clitic membrane (low power). 

Fig. 18. ■ (Experimental disease in Horse 2.) Focal area of mononuclear in- 
filtration in anterior uvea (high power). 

Fig. 19. (Experimental disease in Horse 4.) Diffuse mononudear infiltra- 
tion about pectinate ligament. 
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STUDIES ON TYPHUS FEVTSR 
II. Stxidies on* the Etiology of Mexican* T'iTHUs Fe\er 
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Plates 32 to 34 

(Received for publication, June 26, 1930) 

In experimental tj^phus fever of guinea pigs the differences between 
the European strain and the Me.xican strain are sufficiently definite 
to permit differentiation. The chief points which make such recog- 
nition possible were emphasized by Mooser (1) and have been con- 
firmed in everj' particular by ourselves. They consist especially in 
the regularity with which testicular swelling occurs, after intraperi- 
toneal inoctilation, in the ^Mexican variet}*, the constant presence of 
the RicketlsiaAikQ bodies described by Mooser in the tunica and the 
relatively earlier temperature rise which, in the Mexican aiius animals, 
may begin on the fourth, fifth or sixth day, whereas in the European 
type it is usually deferred until the ninth day or later. In the 
European type, also, the temperature is apt to reach a higher point 
and, as Mooser correctly points out, the nodular lesions in the brain 
described by Otto and Dietrich (2), Spielmeyer (3), Wolbach (4) and 
others are more frequent. It should be noted, however, that if the 
Mexican virus is subcutaneously injected instead of intraperitoneaUy, 
scrotal swelling with Rickettsiae does not appear, the temperature is 
apt to begin later and the characteristic brain lesions are present- 
Subcutaneously inoculated Mexican \irus, then, produces a disease 
closely simulating the European variety. Moreover, even after in- 
traperitoneal inoculation, certain strains of the Mexican disease (like 
the “J” strain described by one of us in a preHous communication) 
will occasionally produce disease without tunica lesions and with 
temperature curves and other features closely analogous to the Euro- 
pean type of disease. 
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Common to the two diseases is demonstrable louse transmission 
(5), cross immunization and, under proper conditions, the brain 
lesion. In the European disease, also, we have been able to confirm 
Pinkerton’s (6) observation that Rickettsia bodies similar to those 
described by Mooser can be found if the examination is made at the 
proper time. Failure in finding them, we believe, has been due largely 
to the fact that search has been deferred until the temperature rise 
has begun, a period at which the organisms have disappeared from the 
tunica. Why it is so much more difi&cult to hsidiRickcttsiae in the tuni- 
cas of the European variety, we have no idea. Summarizing all 
these facts, however, it seems reasonable to assume that we are deal- 
ing with two closely related varieties of a single disease group into 
which, also, Rocky Mountain spotted fever may be placed, Mexican 
typhus fever occupying a position, as far as guinea pig inoculation is 
concerned, midway betw^een the European typhus and Rocky Moun- 
tain spotted fever. 

This of course does not justify one in applying all facts discovered 
about Mejdcan typhus fever to the European variety, but it does 
render it extremely likely that there should be etiological analog)'’ 
and that immunological observations made on one disease can prob- 
ably be applied by proper experimental methods to the other. 

The work recorded in the present paper has been done almost en- 
tirely ■with the Mexican variety and deals primaril}’’ ^vith the etiological 
problem. The causative significance oi Rickettsiae has been advocated 
by many observers in the past, has been rendered likely by studies 
with lice and has been considerably strengthened by the discover)' of 
these organisms in the tunica of Mexican typhus animals by Mooser. 
It is further supported by the experimental louse transmissions 
recently reported by this wuiter with Dummer (5) in wdrich lice w'ere 
infected by feeding on monkeys inoculated with Mexican t)phus and 
developed organisms indistinguishable from those seen in the guinea 
pig. Although the methylene blue-saffranin method has shown that 
these bodies stain as easily as do bacteria, there is no doubt of their 
identity ’uith the Giemsa-staining Rickettsiae, because of morpho- 
logical similarities, intracellular position and resistance to cultivation. 
It may well be that cultivation ma)' be accomplished in the future, and 
if so, the Rickettsiae may be recognized as a specialized variety of true 
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bacteria which have been modified by normal habitat in insects. Until 
this is accomplished, however, the ^looser bodies must be regarded 
as true Richcitsiac and this class of organisms segregated for purposes 
of convenience. 

In spite of the probability ndth which the etiological importance of 
these organisms has been indicated by many investigations of the past, 
the crucial etiological demonstration is still lacking and the literature 
is confused by suggestions of filterable \'irus, mutations of proteus 
organisms and the suspicion that possibly the Rickellsiac or ISIooser 
bodies represent merely a concomitant infection carried along with the 
tj^phus ^^rus. Objections to the acceptance of Rickellsiae etiologj’’ 
have been based largely upon the uniform failure of attempts to find 
the Rickellsiae in virulent blood, organs and brain lesions; and the 
usually small numbers of visible Rickellsiae in tunica lesions, together 
with their intracellular position, has made it impossible to carry out 
inoculation experiments with material that did not contain, in 
addition to Rickellsiae, blood plasma and cells. The results ob- 
tained in our own laboratory in the last few years, which we think, 
have strengthened the probable etiological significance of the Mooser 
bodies, have consisted in negative filtrations, the relatively greater 
degree of virulence of material containing large munbers of these 
organisms, the encouraging results of active immunization ■with 
formalinized tunica and the typical infectiousness of lice injected by 
the Weigl method ■with spleen material in which no Rickellsiae could 
be foimd by direct examination. Also, one of us has recently 
sho^wn that the tumca lesion coxdd disappear for several inoculation 
generations only to come back from time to time in indi^vidual 
guinea pigs, in every case -with the presence of Rickellsiae. 

It is not impossible that the peculiar pathology of the disease in 
guinea pigs could be explained by the fact that, on intraperitoneal 
inoculation, the Rickellsiae accumulate in the tunica, perhaps because 
of favorable temperat^ure conditions or nutritive and cellular selective 
advantages and, from there, penetrate the body generally, disap- 
pearing from the tumca as the disease becomes generalized. 

The present paper is a record of experiments in which we have 
endeavored to increase the susceptibility of animals to Mexican 
t3rphus fever in order to investigate ■with greater accuracj' the dis- 
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tribution of the Rickettsiae or Mooser bodies throughout the organs, 
and in order to obtain these microorganisms in sufficient numbers to 
enable us to carry out a crucial etiological experiment. 

Our first attempts were based on the reasoning that the testis 
was of a lower temperature than the body as a whole. The sup- 
position was that perhaps the organisms were carried through the 
peritoneum into the tunica, and there found lower temperature 
conditions. The experiments carried out on this plan consisted in the 
use of two methods to lower the temperature of guinea pigs — one 
by keeping them, after inoculation, in a cold room having an average 
temperature of 5° to 8°C. ; the other in lowering the general tempera- 
ture by feeding considerable amounts of methyl alcohol by mouth. 
The latter method was by far the more successful, actually bringing 
the temperature of guinea pigs down to 97° to 99° during a period of 
prolonged intoxication, and appearing to give us a much more plentiful 
Rickettsiae yield in the tunica. Neither of these methods, however, 
was adequate for our purposes. 

While stud3dng tunica lesions and exudates by the methylene blue- 
saffranin metliod, we frequently saw actual phagocytosis of Rickettsiae 
by polyomorphonuclear neutrophiles. A drawing of such a condition 
is shown in Fig. 1. Tliis, we believe, accounts for the occasional 
slight infectiousness of washed leucocytes recorded in a prewous 
paper (7). It also suggested to us that possibly the destruction of 
Rickettsiae in the body was actively carried on by the mobile phago- 
cytes, and that an inhibition of phagocytosis might give us better 
results. In consequence, we turned to the use of benzol, as recom- 
mended by Weiskolten, Schwartz and Steensland (8). 

We carried out experiments with benzol both in guinea pigs and in 
rats, injecting subcutaneously mixtures of equal volumes of benzol 
and olive oil and after several such treatments — or at the same time 
udth these treatments — inoculating intraperitoneally with tunica 
material containing considerable numbers of the organisms. 

The benzol injections have given us remarkable results in four or 
five animals up to tlie present time, with less successful experiments 
in a number of others. We have still a great deal to learn about the 
amounts of benzol that can safelj’- be injected, the intervals of injec- 
tion, and particularly the most advantageous time after adminis- 
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tration of the benzol at vrliich the infectious material should be in- 
jected into the prepared animals. These points are being subjected 
to detailed study at the present time. Meanwhile, the successful 
animals have given us results which we believe to be of the greatest 
importance in connection with the etiology of typhus fever. 

An example of one of the best of these benzol rat experiments is 
the following: 


Experiment — Benzol Rat I A. — This rat was subcutaneously injected on May 12 
with 2 cc. of a mixture of equal parts of benzol and olive oil. 2 days later, on May 
14, this animal received intraperitoneally an injection of tunica of Guinea pig 1, 
moderately rich in both intra- and e-xtra-cellular Rickettsiae. On May 18, when 
the rat was to all appearances quite sick, it was chloroformed, carefully dissected 
and smears taken from the tunica, peritoneal e-xudate and peritoneal cells, spleen, 
liver, brain, bone marrow and blood. Examination of these smears showed 
enormous numbers of intra- and extra-cellular Rickettsiae in both tunica and 
peritoneum; Rickettsiae were seen both intra- and extra-cellularly in the spleen and 
in the liver; they were also present in certain elongated cells in the brain smears, 
possible from the pia, and were found in small numbers in the blood. 

In another animal similarly treated, e.xcept that two injections of benzol were 
given, the organisms were similarly distributed, except that while tunica and 
peritoneum were less heavily infected, the liver contained great numbers grouped 
in clumps and there were organisms extra-cellularly in the blood and — in one field — 
crowded in a mononuclear cell which, being foimd in the blood, might well be a 
desquamated capillary endothelial cell. 

In another rat in which several benzol injections had been given, a similar result 
was obtained and the rat died on the fifth day after inoculation. The death of this 
animal, judging from the distribution of Rickettsiae, might well be regarded as 
having been due to these organisms, in which case we may have succeeded in 
possibly converting typhus into a fatal infection for rats. It is impossible, how- 
ever, to be sure of this, since the death of the animal might have been due to benzol 
or to a combination of the two causes. 

Material for sections of all the organs was taken, and sections will be studied for 
the purpose of difierentially localizing the organisms in the various cells. W'e 
would include these studies in the present report were it not for the fact that our 
differential stain has not yet been successfully adapted to tissue staining, and 
Giemsa is apt to give such poor contrasts that organisms as small as the Rickettsiae 
are likely to be visible only in certain cell groups which may not represent the 
total distribution 

Figs. 2 to 7 are drawings and photographs made directly from slides of smears 
from two rats, showing the numbers and distribution of the Rickettsiae. 
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Experiment with the Inoculation of Washed Rickettsiae 

The large numbers of extra-cellular Rickettsiae or Mooser bodies in 
the peritoneum of two of these rats gave us, we thought, an opportunity 
to carry out a crucial etiological experiment by washing the peritoneal 
exudate in Locke’s solution and infecting guinea pigs \vith suspensions 
of Rickettsiae reasonably free from both blood plasma and cellular 
material. 

Experiment I . — The peritoneum was washed with Locke’s solution instilled 
through an incision in the peritoneal wall, about 15 cc. of Locke’s solution being 
used. This material was centrifuged at a low speed for 5 minutes to remove most 
of the cells, the supernatant fluid again centrifuged for 5 minutes more to further 
remove cells, and then allowed to settle in the ice chest for a little less than two 
hours. Again at this time, the supernatant fluid was taken off and centrifuged at 
high speed for 1 hour. The supernatant fluid was then removed and the hardly 
visible sediment emulsified in several cubic centimeters of fresh Locke’s solution. 
Two slides made from this suspension showed a not inconsiderable number of 
Rickettsiae, with only si.x cells that could be found by what we believe to be com- 
plete inspection of the two drops which had been allowed to dry on the slides. 
Two guinea pigs were injected subcutaneously with this material. Charts 1 and 2 
made of these animals show only late and moderate rises in temperature, which are 
nevertheless suggestive of the ti’-phus febrile movements often seen in subcutane- 
ously inoculated Me.xican typhus animals. These animals were intraperitoneally 
reinoculated with Me.xican typhus blood on the 26th day, after the temperature 
had been normal for several da)"s, together wdth a control. The}'^ remained normal, 
while the control came down typically, with a temperature of 104.2° and scrotal 
swelling on the si.xth day, and on the seventh day a temperature of 106° and typical 
Rickettsiae in the tunica. 

Experiment II . — Since we believed that in the first e.xperiment attenuation of the 
Rickettsiae might have resulted from the length of time consumed in the washing, 
the e.xudate similarlj’- taken from a second rat was centrifuged at low speed for 5 
minutes, then the supernatant fluid from this centrifuged at high speed for 30 
minutes. The sediment was again taken up in 15 cc. of Locke’s solution, and 
again centrifuged at high speed for 30 minutes. This sediment was injected 
subcutaneously over the abdomen in Guinea pig 3. We specif 3 ’’ the abdominal 
location of the subcutaneous injection because the subsequent testicular swelling in 
this animal might have been due to the escape of some of the injected fluid into the 
peritoneum. Our purpose in subcutaneous^ injecting was to produce, if possible, 
a European t\pe of the disease, which would have been more convincing than a 
mere reproduction of the topical Me.xican disease with the relativelj' pure Rickett- 
siae inoculum. As the chart of Guinea pig 3 shows, there was a topical rise of 
temperature, e.xceeding 104° on the twelfth day and almost reaching 105° on the 



KAKS ZINSSER AND il. RUIZ CASTAN'EDA 


655 


GP.’l 


n&y 19. 1930 


Dovofrnonth|l9!2QlHU2|23|24i25USiZ7i23|29|;0|3l|lUl3 |4 |5|6 i7 Is !9 !io|U 


Payot disease) I |2|3)4l5|6n 18 19 ll0|n|a)13|14il5|l6!nilS|l9;20|2ttalai24 


C3 

c. 

3 

« 

U 

o 

a. 

E 


i 

1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 > 1 1 I 1 

1 

1 1 M M 1 1 M 11 M 1 1 M 1 1 !.. 

m 

1 1 M 1 I il 1 i 1 1 M 1 ! M 1 M 

ni 

1 M M M 1 1 i 1 1 i I.M 1 M M 

1 


1 _/ 


'i 

1 1 

1 1 1 1 1 1 1 1 1 M M 1 M M 

1 

1 1 

1 1 i 1 1 1 1 1 1 M 1 1 1 1 1 1 1 

1 

1 1 

1 1 1 M 1 1 1 1 1 1 1 1 M M 1 




j— 1— 


J1 

1 1 

M M 1 M 

M M 1 1 1 

■■n 

1 

_LJL 

i i M 1 1 

1 1 1 1 1 1 1 1 

■MMl 


Chart 1 


GP*2 Hay 19. 1930 


Day of month 13 ] 

20|21|22 

23|24l25| 

26) 21 128)29130 

31 |1 |2 |3 |4 |5 |6 |7 |8 |9 |10|I1 

iBay of discAsc] 

1 

2|3 

4 

516)7 

8 

9|I0|11|J2 

13)14 115)16 in 118119120121)22123124 

mumi 

■ 


_J 


_J_1 

_! 

1 

_1 

1 



warn. 

■■■■■ 



J 



■ 

■ 

■■ 



■ 

■ 

■ 


■ 

mmm 

■nm 

■ 

■ 




H 

w 

mm 



■ 

■ 

■ 


■ 

■n 

■■■■■ 

H 

■ 




■ 

■ 

ft 

n 



■ 

■ 

■ 

■ 

■ 


■ 

nm 


■ 

■ 




SI 

■ 




■ 

■ 

If 

■ 

if 


c 

■ 

msi 

■■■» 

■ 

H 

Q 


1 





r 






■ 

n 


■ 

■ 



1 



■ 

■ 

■ 

L_ 






1 

1 1 1 1 





1 


I 




L_ 


j 

L 


L 

1 

1 1 1 I 

J 




— L-. 

... 






L 




1 


L..)...i..j._[... 






J 

■ 

! 






— f— 



— 1 — — 


1 

i 1 





L 


1 


i 

Ill) 




_ 

_L 


L 

L 

•1 





1 

1 1 1 1 1 1 


r 


Chart 2 

Charts 1 and 2. The above charts are those of the two guinea pigs sub- 
cutaneously injected with thoroughly washed Rickettsia material in which micro- 
scopic examination showed many Rickettsiae and very few cells. The procedure 
took about 4 hours during which the material was about 1 J hours in the ice box. 
It is not unlikely that the Rickettsiae were attenuated by thii; procedure, which may 
account for the unconvincing fever curves. These animals, however, were re-inocu- 
lated with tj’phus blood on the 26th day and showed no reaction whatever, while 
the control came down on the 7th day with a temperature of 104.2'’ and 106° on 
the 8th day with marked swelling. The washed Rickettsiae, therefore, immunized 
against the t>-phus blood, which indicates identitj' of \-irus and Rickettsiae. 
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thirteenth, a condition, as far as fever curve is concerned, more analogous to the 
European than to the Me.\ican t 5 ''pe. However, on the fourteenth day scrotal 
swelling appeared, the animal was killed, and Rickettsiae were found in the tunica. 

Although it is more difficult in Mexican typhus fever to find brain lesions and 
although this animal was killed rather early in the disease for the demonstration of 
these pathological changes, the brain of this guinea pig was removed, sectioned and 
stained by Giemsa. There was a certain amount of proliferation of vascular 
endothelium and a number of lesions were found which we regarded as suggestive 
of the typhus ones, and two of which Dr. Wolbach — from a greater experience with 
the pathology of this disease — tells us he would accept as typhus lesions. 
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Chart 3. Temperature chart of Guinea pig 3, inoculated with washed Rickelt' 
siae as described in Experiment II. 

These experiments Tidll have to be elaborated of course and re- 
peated, but we publish them because we can see no obvious source 
of error, and we believe that we have reproduced in guinea pigs a 
disease which is clinically similar to Mexican typhus fever, including 
scrotal swelling and Rickettsia bodies, with material in which there 
might have been a very few endothelial cells from the peritoneum, 
but in which there was certainly not enough blood plasma to cause 
infection and which consisted, as closely as it is possible to accom- 
plish this at the present time, of washed Rickettsiae or Mooser bodies. 

DISCUSSION 

By the use of benzol preliminary to inoculation with tunica material 
of guinea pigs, we have succeeded in a number of rats in producing a 
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massive invasion of Rickdlsiac or ^looser bodies, with large numbers 
in the tunica and peritoneum and considerable numbers in the spleen, 
liver, pia mater and in the blood itself. The manner of action of the 
benzol is as )'et undetermined, but we believe that it depresses resist- 
ance bj' the diminution of phagocytosis by the pohmuclear neutro- 
philes, which — from direct observ'ation — we believe to be a powerful 
factor in the defence of the body against tj’phus fever. We have not 
yet succeeded in working out the quantitative and time factors by 
which these results can be achieved with regularity, but we have had 
perfect success in three instances and partial success in several others. 

The benzol experiment, leading to a greater concentration of 
Rickellsiae in the blood, has made possible the bedbug feeding experi- 
ments described in our typhus Study III. 

In obtaining large amounts of Rickellsiae, many of which were extra- 
cellular, in the peritoneum, we were enabled to carri’’ out guinea pig 
inoculation experiments with washed Rickellsiae, free of serum and 
almost free of cells. 

Two guinea pigs subcutaneously inoculated with such washed 
material, in which the process of washing had consumed about 4 
hours, including over 90 minutes settling in the ice chest, presented 
atypical but — considering possible attenuation and the subcutaneous 
method of inoculation — probably true tj’phus reactions. This sup- 
position is corroborated by the fact that these animals subsequently 
showed no reaction whatever to an intraperitoneal injection of Merican 
t 3 q)hus blood to which the control reacted tj'pically in 7 days, with 
swelling and a temperature reaching 106°F. In a preceding paper we 
have presented evidence which suggests that guinea pigs can be 
actively imm unized with formalinized tunica material. In such ex- 
periments, so far as our limited experience has gone, it was neces- 
sary to allow about a month to elapse between the last vaccine 
injection and the inoculation with li\'ing virus. In guinea pigs which 
have passed through a typhus infection immunity is established as 
soon as the temperature returns to normal. Since this was the case 
in these two animals, we believe that they had recovered from an 
attack of typhus conveyed by washed living Rickellsiae. In either 
case, the evidence is definite that the injected, washed Rickellsiae 
conferred tjqihus irrummity. 
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The importance of this experiment lies in the fact that the subcu- 
taneous injection of washed Rickettsiae from a Mexican typhus fever 
strain, free of plasma and almost entirely free of cells, produced a mild 
febrile reaction suggestive of, although not entirely characteristic of 
typhus fever. The mildness of the fever curve we attribute to the 
partial attentuation of the organisms in the course of washing. The 
absence of scrotal reaction was due to the subcutaneous manner of 
injection and renders the significance of the experiment rather greater 
than less. The fact that this inoculation with presumably pure 
Rickettsiae material protected these animals against an amount of 
virus which produced an unusually violent reaction in a control 
animal, with temperature, typical scrotal swelling and Rickettsiae, 
presents a train of evidence which in our opinion is incompatible with 
any interpretation other than that the Rickettsiae constitute the virus 
of Mexican typhus fever. 

Another guinea pig, No. 3 (see Chart 2), after subcutaneous inocu- 
lation with washed Rickettsiae — z, few of which probably filtered 
through to the peritoneum, since the injection was over the abdomen — 
developed a typical temperature curve with scrotal swelling and 
Rickettsiae in the tunica. This animal was killed on the thirteenth 
day, and though this was too soon to show well-developed brain 
lesions, a few lesions were found, wMch were histologically consistent 
with those described as characteristic of typhus by Otto and Diet- 
rich, by Spielmeyer and by Wolbach. 

CONCLUSIONS 

We have adduced strong evidence in favor of identifying the virus 
of Mexican typhus fever wth the Rickettsiae, or Mooser bodies, 
observed in the tunica lesions of Mexican typhus guinea pigs. Were 
it not for the possible presence of a few remaining cell fragments 
in the washings we would consider this evidence crucial proof. 
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EXPLANATION OF PLATES 
Plate 32 

Fig. 1. Drawing of phagocytosis of Rickettsiae pr. (Mooser bodies) in poly- 
nuclear leucocjTes. Peritoneal esaidate. 

Fig. 2. Distribution of Rickettsiae in peritoneal scrapings. 

Plate 33 

Figs. 3 and 4. Photographs of peritoneal e.Tudate in benzol. Rat lA, with cells 
crowded with Rickettsiae and e.xtra-cellular organisms. (Kindly taken for us by 
Dr. Wolbach.) 

Plate 34 

Fig. 5. JUefretotae in liver, Rat lA. 

Fig. 6. Rickettsiae in blood. Rat lA. 

Fig. 7. Rickettsiae in elongated cells of pia from brain smears. 
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STUDIES ON TYPHUS FEVER 


TTT . Studies of Lice and Bedbugs (Cimex ixcxularius) with 
Mexican Tyfhus Fever Virus 

Bv M. Rxnz CASTANEDA, M.D., aj.-d HANS ZINSSER, M.D. 

{From the Departmeni of Bacteriology and Immunology, Harvard University Medical 

School, Boston) 

(Received for publication, June 26, 1930) 

1 

The Transmission of Mexican Typhus Fever through Lice Inoculated 
'ivilh Guinea Pig Organ Emulsions 

One of the difficulties in the acceptance of Mooser bodies or Pdckeit- 
sia prowazeki as the cause of typhus fever has been the fact that these 
organisms have not been found, in the organs or blood of infected ani- 
mals ■with which the disease can be transmitted. From titrations re- 
ported in a previous paper (1) it was quite obvious that inability to 
find the organisms in blood or tissues might well be due to their sparse- 
ness and the difficulty of recognhdng them -with certainty when isolated 
organisms are present in protein suspensions. 

It would be strong evidence in favor of the presence of the Rick- 
ellsiae in the -virulent organs not as inddental contaminations but as 
true etiological agents, if lice coffid be infected -with such organ mate- 
rials and from them guinea pigs inoculated, the disease produced and 
typical tunica Rickettsia lesions observed. 

The actual injection of lice per rectum by the Weigl method is rel- 
atively easy, but it is not so easy to keep the lice alive after the in- 
jections, since guinea pig plasma and some of the guinea pig tissues 
seem to exert a toxic action to which lice succumb, although daily 
feedings on immime subjects are practiced. In consequence, out of 
seven experiments, only the seventh was successful, but there could 
be no possible error in this, the negative results being ob'viously attrib- 
utable to technical difficulties. 
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The following brief description of all our experiments is given be- 
cause some of the negative ones, we believe, have considerable value. 

\ 

Experiments on Lice Transmission of Rickettsiae from Tissue 

1 . Feb . 8, 1930 . Tunica of an infected guinea pig, containing many Rickettsiae, 
injected intrarectally into 20 lice. After 10 days’ feeding, Rickettsiae, were found 
in the intestinal endothelium of a number of these insects. Guinea pig inoculation 
was not carried out with these lice. 

2. Feb. 18. Brain suspension injected as above in 20 lice. Only 6 of these 
survived the 10 days’ feeding. No Rickettsiae found, and no guinea pig injections 
done. 

3. Feb. Tl. 22 lice injected with virulent guinea pig plasma and human cells 
from defibrinated blood. Only 3 remained alive after 10 days, though regularly 
fed. No Rickettsiae found in these. The guinea pig control injected with the 
original plasma came down typically, with Rickettsiae in the tunica. 

4. Mar. 19. 50 lice injected with human red cells which had been in contact 
with infectious guinea pig plasma and centrifuged. This was done on the basis 
of an experiment published in a preceding paper (1) in which it was shown that 
the typhus virus adhered tightly to the red cells after the e.xposure of normal cells 
to infectious plasma. The purpose of this was to eliminate the toxicity of the 
plasma. Only 2 of the lice lived 10 dai's. No Rickettsiae were found. Control 
guinea pig came down typically with Rickettsiae in the tunica. 

5. Mar. 27. 42 lice injected with emulsion of suprarenal tissue from an infected 
guinea pig plus normal human red cells. After 10 days only 15 lice alive. No 
Rickettsiae found in smears and injected guinea pig was negative. The control 
guinea pig injected with the original material was positive, with Rickettsiae in the 
tunica. 

6. Apr. 25. 25 lice injected with brain tissue. Of these only 16 survived 10 
days. No Rickettsiae found in the lice examined. The guinea pig injected with 
them remained negative and the guinea pig injected with the original material 
remained negative as well. 

7. May 8. 43 lice injected with a mixture of suprarenal and spleen tissue from 
an infectious guinea pig. 38 of these survived after 10 days’ feeding. Since it 
is quite impossible to examine all the lice for Rickettsiae without ruining the 
material for injection, the ground suspension of a mixture of all the intestinal tracts 
was examined, but no Rickettsiae found. Two guinea pigs were injected with this 
suspension. One had a temperature of 105® with marked testicular swelling, on 
the 9th day and plentiful Rickettsiae in tunica smears (Chart 1). The other had 
fever on the 18th day. Temperature 105° and swelling on the 19th. No Rick- 
ettsia examination was made on this animal. 

From these experiments it may be conduded that when the organs 
of a Mexican typhus guinea pig, during the infectious stage in which 
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morphologically no Rickcllsiae can be found, are injected into lice by 
the Weigl method and these lice are then kept alive for 10 days by 
feeding on an immune human being, the Rickcllsiae undoubtedly pre- 
sent in these organisms in small number survive and the intestines of 
these lice injected into a guinea pig will reproduce the original picture 
of the disease, including the tjTpical Ricketlsia lesions in the tunica 
vaginalis. 

In the transmission of hlexican tjTihus from guinea pig to guinea pig 
with blood and organ emulsions by intraperitoneal injection, Rick- 
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Chart 1. The above guinea pig was injected intraperitoneally on May 19 with 
an emulsion of lice that had been rectally injected with suprarenal and spleen tissue 
suspensions on May 8 and fed daily on an immune human subject in the interval. 

ellsiae keep appearing in the tunica, and this alone would tend to indi- 
cate that these organisms were present in the organs without further 
demonstration. However, it may be — as it often has been argued — 
that possibly these Rickcllsiae did not represent the actual virus but 
were incidental contaminations carried along with the virus. 

Experiments like the successful one (No. 7) cited tend to indicate 
that the Rickeitsiae present in the infectious organs can, like t 3 rphus 
virus, be carried for 10 days in infected lice and stiU be capable, after 
as many as eight to twenty normal feedings, of infecting guinea pigs 
in a typical manner. While this is not by itself conclusive proof of the 
identity of the Mooser bodies and the typhus virus, it adds another 
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link to the chain of favorable evidence, corroborating experiments like 
those of Mooser and Dummer (2) who found Rickettsiae in lice fed on 
Mexican typhus monkeys. 


n 

Experiments with Cimex lectularins 

In the studies of Pinkerton in the Harvard Department of Pathology, 
as well as in our own studies and those of Maxcy, Dwyer and others, 
cross immunization and similarity of clinical and pathological findings 
in guinea pigs have identified the Mexican variety of typhus with the 
endemic typhus of the United States, which has been studied by Maxcy 
(3). Mooser has recently demonstrated the possibility of louse trans- 
mission with this disease, and undoubtedly such transmission can and 
does take place. On the other hand, the epidemiological studies 
of Maxcy indicate that, as he expresses it "There may be some mode 
other than direct transmission from man to man by means of the bite 
of a louse.” In consequence, we determined to undertake the investi- 
gation of other insect possibilities in the transmission of Mexican 
typhus, and chose, as one of the most widely distributed and common, 
the Cimex leckdarkiSf or bedbug. 

Bedbugs collected from a non-t3T}hus source — namely, in Boston — were kept in 
sealed Petri dishes with filter paper in the laboratory and first studied by dissec- 
tion and staining of orgkn smears with the methylene blue-saffranin stain and with 
Giemsa. The normal Rickctlsiac of the Cimex have been thoroughly described by 
Hertig and Wolbach (4), whose studies aided us considerabl}'’ in a preliminary 
survey of the organs of these insects. Although morphological differentiations 
are not particularly reliable in determining differences between virulent and non- 
wrulent Rickettsiae, yet as a guide to work of the kind we are describing, the illus- 
trations and descriptions of the writers named, compared with our own observa- 
tion of Mooser bodies or Rickettsiae prowazeki have given us some confidence m 
the belief that tentative differentiations, while not conclusive, are still useful. 
We mention this because later in the experiment to be described we believe that 
we saw the Mooser type ol Rickettsiae in considerable numbers in infected bedbugs. 

Early feeding experiments with bedbugs having been negative, it was thought 
desirable to determine the amount of blood which a bedbug can ingest, since we 
know that the blood of guinea pigs, even at the most favorable time for reinocula- 
tion, is not infectious in amounts smaller than 0.05 cc., and rarely infectious in 
amounts lower than 0.1 cc. 
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2 adult bedbugs wbich had been starved for a number of days vrere •weighed. 
The weight of the bedbugs before feeding was 0.01 2 gm. These 2 insects were then 
allowed to feed on an infected t>'phus rat and not removed until they had had 
their fill. They were then again weighed in the same balanced watch glasses 
and were found tb weigh 0.0305 gm. 

Subtracting the weight of the 2 bedbugs before feeding from their weight after 
feeding, and dividing this by 2, we obtain, as an approximate amoimt of blood 
taken up by each bedbug, 0.0093 gm., or slightly over 9 mg. of blood. Since it 
would then take approximately lObedbugs to take up a m i n imum dosefor a guinea 
pig, we decided to carry out succeeding e.xperiments by inoculating bedbugs with 
tunica material by a method analogous to the Weigl technique used in lice. This 
procedure is not very difficult, but the inoculated material passes into the coelom. 
In spite of this, however, the bedbugs survived. 

Experimenl on Injection of Bedbugs 

Tunica material from Guinea pig 1, sho-wing Richeltsia prowazeki or Mooser 
bodies on the fifth day after inoculation, was emulsified and injected ■with a very 
fine capillary pipette through the rectum into the coelom of 16 bedbugs. During 
the next 10 days they were fed three times on a normal guinea pig. This animal 
showed a slight fever for a day, but transfer from it did not produce typhus fever. 
10 days after inoculation these bedbugs were killed, washed in 98 per cent alcohol 
and smears made from the gut and other organs. These smears, stained by the 
methylene blue-saSranin method, showed — in one Cimex — bodies resembling the 
typhus Rickettsiae. The organs of these bedbugs were emulsified and injected 
into Guinea pigs 2 and 3. Both these animals showed rises of temperature and 
tj^jical swelling. Guinea pig 3 was castrated on the sixth day of the disease and 
the second day of swelling. Plentiful Rickettsiae were fo'und in t'unica smears, and 
inociilation was done ■with this material into Guinea pig 4. This animal showed a 
t 5 q)ical rise, ■with swelling and positive Rickettsiae, on the fourth day. Transfer 
was made from this to Guinea pig 6, which, in the third generation from the bed- 
bug, showed scrotal swelling on the sixth day, but no temperature. This animal 
was kept for imm iuuty test and inoculated on the sixteenth day ■with brain of the 
European typhus strain. It remained normal, although controls came do^wn 
tj^jically. Guinea pigs 2 and 4 were reinoculated ■with European typhus and 
found immune. 

The original guinea pig. No. 3, which had been castrated on the sixth day after 
the disease, was killed on the eleventh day, when the temperature was still high, 
and carefully autopsied. There were no lesions of other disease in the organs. 
Cultures from the spleen were negative and material from the brain was injected 
into Guinea pig 5. This animal, on the seventh day after inoculation, had a tem- 
perature of 104 and swelling, and plentiful Rickettsiae were fotmd in the tunica 
after castration on this day. On the thirteenth day this guinea pig was autopsied 
and t 3 y)ical brain lesions were found. These have been verified for us by Dr. 
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Wolbach, to whom we are grateful for his helpful interest in these experiments. 
The results of this experiment are tabulated in the accompanying diagram. 


Guinea Pig 1. April IS 


"Showed numerous Rickettsiae in tunica. Tunica emulsion injected into 16 bedbugs 

.. 1 . 

April 28. Bedbugs dissected. Suspicious Rickettsia prowaseki seen in smears. Emul- 
sion of organs intraperitoneally injected into 


Guinea Pig 2 Guinea Pig 3 


femperature 104° and 
iwelling on 7 th day. 
R.einoculated with Euro- 
3ean typhus and found 
mmune 


May 3. Temperature 105° and swelling. Castrated. 
Rickettsiae plentiful. Tunica injected into — 

Guinea Pig 4 


May 7. Killed. Brain injected 
into 


Guinea Pig S 

Swelling and temperature 104° on 
7th day. Castrated. Rickettsiae 
plentiful. Killed on 13th daj'. 
Brain sections show typical early 
lesions 


May 6. Castrated. Rickettsiae 
present. Reinoculated with Eu- 
ropean tjT)hus and found immune. 
Injected into 

Guinea Pig 6 

No temperature but swelling on 
6th day. Reinoculated with Eu- 
ropean strain on May 20. I®- 
mune. Controls typical on May 


2S 


Another experiment, similar to the above, was carried out wdth 25 bedbugs 
injected on Apr. 30. While they were being fed on the same normal guinea pigi 
on four separate occasions during an interval of 10 days, the feces were rubbed 
into the skin of this animal, but w'ithout result. Inoculation after 10 days of the 
organs of these bedbugs into a guinea pig resulted in tj^rical disease with swelling 
and Rickettsiae. The disease was carried on from this animal through three 
generations. 


Inoculation of Bedbugs by Feeding 

After we had had. the success in producing considerable accumulations of 
Rickettsiae in organs and in the blood in benzolized rats, as described in another 
paper, we thought it worth while to resume feeding e.xperiments. 

On May 16, 25 bedbugs were fed on benzol Rat lA on the third day after 
infection. On May 17, 10 of these bedbugs were again fed on a similar rat, IIB, 
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72 hours after infection. On May 18, 17 of the bedbugs were again fed on Rat 
IIB. On May 20 and 24, the sur\'i%-ing bedbugs were fed on a normal guinea pig. 
On May 25, the 20 surviving bedbugs were washed in 95 per cent alcohol, the in- 
testines emulsified and injected into a guinea pig. Smears of these organs showed 
intra-cellular Rickellsiac suggestively but not conclusively similar to the Alooser 
bodies. This guinea pig, as shown in Chart 2, developed a tv^pical temperature 
with swelling on the fourteenth dav- of disease and tv-pical intra- and extra-cellular 
Rickettsiae were foimd in tunica smears. 
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Chart 2. Chart of guinea pig inoculated with the organs of bedbugs which had 
fed upon benzolized tj’phus rats on the 9th, 7th and 6th days before the inoculation 
was done, and kept alive by feeding on a normal guinea pig in the interval. This 
guinea pig showed typical Rickettsiae, and was found immune to t 3 'phus on sub- 
sequent inoculation. 


SDSBIARY 

Our experiments have shown that the Mooser bodies or Rickettsiae 
derived from guinea pigs with Mexican typhus fever can survive in 
bedbugs after intra-coelomic injection for 10 days, remaining capable 
of infection. We have also succeeded in similarly infecting bedbugs 
by allowing them to feed on benzolized rats in whose blood Rickettsiae 
had been shown to be present. Injection of the organs of such bedbugs 
5 days after the last, 9 days after the jfirst infectious feeding into guinea 
pigs produced tj^pical Mexican t>T>hus fever. 

Some of the guinea pigs infected with such bedbug organs and pass- 
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ing through a typical typhus proved to be immune to subsequent inocu- 
lation with the European disease. 

Attempts to infect normal guinea pigs by allowing infected bedbugs 
to feed on them or by rubbing the feces into the uninjured skin have, 
so far, been unsuccessful. 

We have not, therefore, completed the cycle proving that bedbugs 
can transmit the disease, but we have shown that this is a possibility 
when dealing with man, obviously more susceptible to the disease 
than any of our experimental animals. 

The ease with which the Rickellsiae seem to survive in the bedbugs 
suggests the desirability of investigating other common insects for a 
similar capacity of harboring the typhus Rickeilsiae — experiments 
which we have not yet had the time to carry out. 
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EXPERIMENTAL FIBROUS OSTEODYSTROPHY (OSTITIS 
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Ostitis fibrosa has been reported to occur spontaneously in animals 
other than man. Unsuccessful attempts have also been made to re- 
produce this condition by various experimental means. We have now 
produced the changes of true generalized ostitis fibrosa in guinea pigs 
and dogs (1-4) . The experimental part of the present report describes 
in detail our results with dogs. 

Spontaneous Occurrence oj Ostitis Fibrosa in Animals 

The bone changes of spontaneous ostitis fibrosa resemble in many 
ways, but frequently do not duplicate those observed in the fibrous 
osteodystrophies of man. 

With regard to the appearance of osteoid tissue in the lesions observed in the 
spontaneous fibrous bone diseases of animak, Ingier (5) and Pick (6) stated that 
such lesions can be called ostitis fibrosa, even in the absence of osteoid tissue. 

Peculiar to some animals with fibrosed bones is the common development of ob- 
structions of the nasal and oral cavities, as these are encroached upon by thickening 
of their walls. As a result such animals may have sniffling respiration. However, 
fibrous bone lesions exist in animak not afflicted with sniffling respiration. Chris- 
teUer (7), Rehn (8), Hintze (9), Busolt (10) and Ingier (5) described swine, goats, 
cattle and horses whose bones showed either true generalized ostitk fibrosa, or a 
local form of true ostitis fibrosa. In most instances only skulk were studied, but 
in a small number of cases complete examination of the skeleton was made. In 
these cases generalized ostitk fibrosa was foimd. 

Koch (11) and Christeller (7) described spontaneous ostitk fibrosa in monkeys, 
Koch pointing out that this condition had been previously confused with rickets. 
White (12) detailed three cases of ostitk deformans in monkeys. Her cases were 
t>'pical examples, both clinically and pathologically, of Paget’s dkease. 

Dogs are ako subject to spontaneous ostitk fibrosa. Chrkteller described a 
dog whose bones were thin and porotic. The long tubular bones showed curva- 
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ture and diminished longitudinal growth. In these bones the lesions were most 
prominent in the upper and lower portions of the diaphysis, where there was 
fibrous replacement of the marrow, transformation of the existing bone, new bone 
formation, bone resorption with numerous Howship’s lacunae and osteoclasts. 
The haversian canals of the corte.x were widened and invaded by fibrous tissue. 
The epiphyseal cartilage plates were present and relativel}' normal endochondral 
ossification was still in progress. The entire skeleton was involved, but the ribs 
showed relatively the greatest alterations. 

Schmey (13) and Pick (14) described an atrophic deforming generalized bone 
disease in senile dogs with a predominance of osteoporosis, but with little fibrosis. 
Hager (15) described a case of ostitis fibrosa in a dog whose upper and lower jaws 
were tremendously enlarged. Weber’s (16) dog, months of age, had spon- 
taneous fibrous osteodystrophy with thickened porotic bones, cysts and giant-cell 
tumor formations. The jaw of his dog w'as also enlarged and cj'stic. The para- 
thyroids were normal, and calcium metastases were not obsen’-ed. 

Attempts at Experimental Production of Ostitis Fibrosa 

Many attempts have been made to reproduce experimentally all or 
some of the lesions of ostitis fibrosa — that is, cysts, hemorrhages, 
giant-cell tumors, marrow fibrosis, bone resorption and osteoid tissue. 

Traumatization of the marrow has been e.xtensively tried with the view of pro- 
ducing bone cysts or local ostitis fibrosa, but Lexer (17), Lotsch (18), and Nissen 

(19) have shown conclusively that injury, and the resultant hemorrhage into the 
marrow, do not lead to local cyst formation. Contrary to the opinion of Konjetzny 

(20) and Pommer (21), it seems logical to conclude that before an intramedullary 
hemorrhage results in local cyst formation there must be a generalized or an e.x- 
tensive local disease of the bone. The injection of fluids or the introduction of 
foreign bodies into the marrow cavity, injury of the bone or marrow by X-ray, 
by radium, by toxins developed in parabiotic animals, or by to.\ins of injected 
bacteria have led neither to true generalized ostitis fibrosa nor to true local ostitis 
fibrosa. The scarring, the marrow degeneration, or the cyst formation that may 
result from such treatment are only local reactive manifestations, having nothing 
to do with genuine ostitis fibrosa. 

One-sided diets were among the first means employed in attenipts at the ex- 
perimental production of d)"Strophic bone diseases in dogs. Calcium deficiency 
was generall)’- the underlying principle of the treatment. In most of the experi- 
ments the dogs received horse meat, fat or carbohydrates, and distilled water. 
The lesions produced in the various e.xperiments were quite uniform. The older 
reports lacked detailed histological descriptions (22), and designated the changes 
produced as rickets or a ricket-like disease. Dibbelt (23) did not make a diagnosis. 

It remained for Korssakoff (24) to point out that the condition produced in dogs 
on such a diet was osteoporosis and not rickets. Miva and Stoeltzner (25) studied 
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in great detail the changes produced by this diet and came to the same conclusion. 
They described marked osteoporosis with fibrosis of the marrow, but indicated 
that lacunar resorption was not severe enough to establish the lesion as ostitis 
fibrosa. 

On a calcium-poor diet we, like some of the authors mentioned, 
have produced osteoporosis in dogs. These were fed lean meat but 
were protected against ■vitamin deficiency. On the other hand, in 
dogs which we maintained for a long period in a state of chronic hy- 
perparathyroidism — both on adequate and caldum-poor diets— we 
produced generalized ostitis fibrosa. The clinical course, the evolu- 
tion of the bone lesions, the gross and microscopical appearances of 
the bone and marrow were quite diflterent in the two groups of animals, 
and indicated the specificity of the parathyroid extract treatment as 
the cause of experimental ostitis fibrosa. 

The Relation of the Parathyroid Glands to Bone Dystrophies 

Askanaz}' (26) was the first to suggest the etiological significance of a parathy- 
roid adenoma found by him in a case of ostitis fibrosa. After his finding, many- 
other instances of parath^Toid enlargement were reported in assodation with 
ostitis fibrosa deformans, ostitis fibrosa cystica, osteomalada, and rickets. Para- 
thyroid enlargement has also been noted in rats suffering from esperimental 
rickets. 

Recently Barr and Bulger (27) summarized from the literature the cases with 
parathyroid tumors. They added 29 cases to those prevdously collected by Hoff- 
hemz (28), making a total of 74 cases with pathologically enlarged parathyroid 
glands. These induded both malignant and benign tmnors, as well as enlarge- 
ments due to simple hj’perplasia. Authentic malignant growths of the parathy- 
roids are extremely rare, and it is significant that none of them have been assodated 
with evidence of functional derangement of the parathyroid glands as reflected in 
bone lesions. The majoritj' of enlarged parathyroids rqjorted are probably due 
to functional hyperplasia. The assodation of many diseases of bones "with para- 
thyroid hyperplasia or with benign tumor of the parathyroid glands is striking. 
Barr and Bulger state that 60 per cent of all cases of parathyroid enlargement had 
evidence of bone lesions. Climcally the most frequent as well as the most striking 
association is with the generalized form of ostitis fibrosa cystica — that is, the so- 
called V. Recklinghausen’s disease. 

The consensus of opinion until recently was that the parathyroid enlargement 
observed in assodation with these bone diseases was of a secondary nature, and 
appeared as a result of a compensatory^ hj^jertrophy due to the bone defidency. 
In 1926 lilandl (29) brought dimcal evidence to dispute this "riew. He removed 
a parathyroid tumor in a case of ostitis fibrosa cj'stica and reported rapid rUnirat 
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improvement of his patient, with decrease of urinary calcium excretion. He was 
the first to suggest, on the basis of his tests, that the skeletal changes in clinical 
cases were caused by a disturbed parathyroid function associated with the enlarge- 
ment of the parathyroid gland. 

Mandl’s observations were soon confirmed and his conclusions widely accepted. 
A rapidly increasing series of reported cases supports the h 3 fpersecretion hypothesis. 
Gold (30), Barr, Bulger and Di.xon (31), Barr and Bulger (27), Wilder (32), Boyd, 
Milgram and Stearns (33), Snapper (34), Richardson, Aub and Bauer (35), and 
Compere (36) reported cases showing a varying amount of improvement following 
extirpation of enlarged or even normal-sized paratliyroids when hj'perparathy- 
roidism was diagnosed. 

Hypercalcemia, and negative calcium balance when this has been demonstrated, 
may be attributed to the increased secretion of its active principle bj" the enlarged 
parathyroid gland. The case reported bj’- Richardson, Aub and Bauer (35), by 
Bauer, Albright and Aub (37), by Hannon, Shorr, McClellan and DuBois (38), 
and by McClellan and Hannon (39) is important. In this case, which presented 
a clinical picture of hyperparathyroidism, no parathyroid tumor was found, and 
two normal appearing parathyroid glands were removed. The improvement in 
the condition of the patient was so marked that it indicated to these autliors that 
hyperparathyroidism may result from hj^perfunctioning of glands of normal size 
and appearance. The possibility e.xists that some undiscovered or abnormally 
active accessory parathyroid tissue may produce hyperparathyroidism in clinical 
cases where a tumor is not found after exploration. 

A review of the symptoms in reported cases diagnosed as suffering from hyper- 
parathyroidism, and of the clinical and chemical findings, reveals certain conditions 
common to all. Among these are: progressive muscular weakness, general lassi- 
tude and hj'potonia; pain in and bowing of the lower extremities; resorption of 
the skeletal bones, frequently shown to be associated with h 3 ’’percalcemia and with 
a negative mineral balance. Following operation the calcium balance, when this 
was studied, generally became positive. Fractures which occurred during tire 
course of the disease healed very slowly (30, 31, 40) but soon after parathyroidec- 
tom 3 " a fractured femur united firmly (34). Following removal of the parathyroid 
tumor, X-ra 3 '^ showed increased densit 3 '’ of the bones in some of the cases (30, 31, 
32, 34, 35). No positive evidence of healing of the bone C 3 '’sts was included in 
the reported cases. Giant-cell tumors of the bones were noted in the cases of 
Wilder and of Barr, Bulger and Dixon, and these were found to be healed within 
a few months after removal of the parathyroid tumor. 

Some of the reports cited above, available to us when our work 
began, indicated clearly that parathyroid adenomas or parath}'Toid 
hypersecretion were etiologically related to ostitis fibrosa cystica. 
We therefore felt that injections of parathyroid extract into experi- 
mental animals might produce bone lesions similar or analogous to 
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those found in clinical ostitis fibrosa, provided the animals could be 
maintained in a state of hyperparathyroidism vrithout succumbing. 

It is interesting to note that although a number of investigators 
injected parathormone into experimental animals for long periods, 
and although increased excretion of calcium at the expense of the bones 
is well established, no investigator has studied the bones of such ani- 
mals histologically. 

Experimental work with parathormone by Collip (41), Greenwald 
(42) and others had demonstrated that its injection led to hypercalcemia 
and to increased excretion of calcium and phosphorus, particularly in 
the urine; to lowered serum phosphorus and h 5 TX) tonicity. Over- 
dosage phenomena had also been described by Collip, Hueper (43) and 
Learner (44) in experimental animals (vomiting, diarrhea, hematmia, 
hemorrhagic gastro-enteritis, kidney impairment and hyperphospha- 
temia, and extensive metastatic calcification in the soft tissues, espe- 
cially the kidneys, limgs and gastro-intestinal tract). 

A careful study of the effects of daily injections of parathormone on rabbits, 
kittens and rats was made by Bauer, Aub and Albright (45) . They were primarily 
interested in the question of whether the trabeculae serve as a reserve supply of 
calcium. After continued parathormone administration to rabbits for 91 .days, 
during the major part of which they received 8 units dafly, the trabeculae were 
reported as diminished in niunber, but no effect was noted on the cortex of the bone 
either in the gross examination or by X-ray. In growing kittens the administra- 
tion of parathormone, on the average of 25.4 units dafly for 56 days, did not 
result in any greater reduction of the trabeculae than observed in the course of 
normal bone growth. In the growing rat the administration of parathormone, 
885 umts over 110 days, resulted in diminution of the length of the bones and in 
an increase of the munber of trabecxflae. The serum calcium of the treated 
rabbits was higher than in the controls, while the serum calcium of the treated 
kittens was reported lower than in the controls, but there were no changes in the 
rats. They concluded, in spite of the fact that their own data do not seem to 
support their view, that bone trabeculae are easily depleted by prolonged admin- 
istration of parathormone, and that these trabeculae serve as the source of readily 
available calcium. 

Ingier (5), Christeller (7), Stenholm (46), Pick (6), Schmorl (47) and 
others emphasize the necessity of making histological studies of bone 
even in human cases, but especially in animal bone, before drawing 
conclusions regarding bone changes. Our own experience confirms 
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’ them. We have been frequently surprised at finding, upon histo- 
logical examination, extensive resorption of cortical bone in our experi- 
mental animals, when the gross examination did not show anything 
obAUously unusual. We believe that the results of Bauer, Aub and 
Albright, without the evidence of an liistological examination, cannot 
be accepted as proving the absence of cortical resorption. Aub, 
Bauer and Albright based some of their conclusions on absence of 
hypercalcemia and on negative gross examinations. That these are 
not a proof of lack of parathormone effects is shown by our results in 
guinea pigs, wloich while receiving doses not large enough to produce 
hypercalcemia, still showed cortical bone resorption microscopically 
(1, 2, 48). In dogs as well (Nos. 3 and 4, see protocols), cortical re- 
sorption was produced on 2 units of parathormone daily for 20 days, 
although hypercalcemia was never observed. 

Experimental M ethods 

We started with puppies 6 to 9 weeks of age, weighing 1 to 2 kg. The diet 
consisted of lean meat fed daily in amounts of about 15 per cent of body weight. 
Later, when active growth ceased, the amount fed was reduced to 10 per cent of 
body weight. These amounts corresponded actually to feeding ad Ubiium; the 
meat was frequently not consumed in full. Records of meat consumption were 
kept. The meat was supplemented daily with 1 cc. of cod-liver oil and at least 
50 gm. of canned tomato. During various phases of the e.\periment known 
supplements of calcium were given in the form of calcium lactate by stomach tube, 
or calcium lactate and bone meal were added to the meat. The dogs were kept 
under carefully controlled hygienic conditions. 

Serum calcium and phosphorus determinations were done at frequent intervals. 
The Clark-Collip modification of tlie Kramer-Tisdall method was employed in 
the calcium analyses, and the Benedict-Theis method in the phosphorus analyses. 
If the animal was receiving parathormone, the blood was generalb'- examined about 
IS hours after the last injection, the animals being fasted during that interval. 
The parathormone was injected subcutaneously in daily doses, wliich were in- 
creased as indicated b}' the course of the experiment. 

The tissues and bones were fixed in neutral formalin or in Helly’s fluid. The 
bones fixed in formalin were decalcified in Blueller’s fluid plus 5 per cent glacial 
acetic acid. Those fi-xed in Helly's fluid were decalcified in 5 per cent nitric acid. 
Wien tissues were stained for calcium, they were fi.xed in 95 per cent alcohol and 
the V. Kossa method was used. Paraffin sections were always made. The de- 
tails of these methods as employed in this laborator}' have been described (49). 
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Experimental Results 

After having gradually increased the daily dose of parathormone, 
■we found that the dog could tolerate relatively large doses of the ex- 
tract ■without sho^ning hypercalcemia. We attribute the production of 
experimental ostitis fibrosa in dogs to the increased parathormone 
effects obtained by prolonged administration of relatively large doses 
of the extract. Otherwise the production in dogs of ostitis fibrosa 
■would be difficult, because doses of parathyroid extract large enough 
to produce rapid resorption of the hone and injury to the marro'w,lead 
in the dog to fatal hj^Dercalcemia before there is much fibrous repair. 

The parathormone was injected in a daily dose, at first usually of 2 units per 
kilogram, which was raised gradually in some dogs to as high as 5 units per kilo- 
gram towards the end of the experimental period of 5 to 6 months. Repeated 
small daily injections of parathormone at first usually raised the serum calcium 
to about 15 or 16 mg. per 100 cc. It was sometimes necessaiy to interrupt the 
parathormone treatment because of loss of appetite and other sj'mptoms of over- 
dosage. As treatment was continued, the serum caldiun gradually fell to normal 
values or lower, and larger doses could be given -with only a temporaiy elevation 
of serum calcium. This condition was produced most rapidly in one dog on a low 
calcium intake. In that dog (No. 8), serum calcium indeed dropped to as low 
as 7.8 mg. per 100 cc., and seemed to be associated with a tissue calcium lowered 
sufficiently to account for the tremors and tetany observed during the experiment 
(see protocol). 

Imm unity acquired as a result of pre^vious parathormone treatment 
cannot be inferred from 'the normal sermn calcium values in dogs 
treated for a long time ■with parathormone (Nos. 9 and 10), and from 
the hypocalcemia observed in one instance (No. 8). For ■when the 
calcium reserves 'were aUo'wed to replenish after discontinuing para- 
■thormone for a short period, parathormone injections had their usual 
effect of raising the senun calcium (see protocols). 

We produced, depending upon the dosage and the length of time 
under parathormone, all degrees of change from mild to severe bone 
resorption, and from slight fibrous replacement to degeneration of the 
marrow ■with hemorrhage, when the animals died from overdosage. 
Finally, we produced tjqjical ostitis fibrosa cj'stica in several dogs. 
The most pronoxmeed lesions were observed in three dogs that were 
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injected for 5 to 6 months. At the end of tlieir experimental periods 
they were receiving 20 units daily. 

One of the most marked clinical features in all these young groning 
dogs was the stunting of their growth^ wliicli was referable to a ces- 
sation of bone formation, and therefore of gronih at the epiphyseal 
cartilage plates. After prolonged treatment the bones were deformed, 
and the forelegs showed lateral boning. Such animals had pronounced 
hypotonicity of the muscles and developed plantigrade stance. In 
addition there was frequently torsion of the tubular bones on the long 
axis. The bone changes were generalized and lesions were found in 
the jaw bones, the skull, and all the long tubular bones studied. The 
ribs in the vicinity of the costochondral junctions offered the best 
material for stud}''. In the long tubular bones, the fibrous changes 
were present only in the diaphysis and metaphysis. The epiphyses 
showed only a mild degree of simple resorption of the trabeculae and 
the marrow remained entirety free of fibrous changes. It is important 
to emphasize that none of our dogs had swellings at the epiph}’'seal 
cartilage plates, nor were there any indications of widened metaph 3 '‘ses 
or costochondral junctions. 

In view" of the frequent confusion in interpretation of the histological 
picture found in clinical or experimental bone dystrophies diagnosed 
as osteomalacia, osteoporosis and ostitis fibrosa, it is important to em- 
phasize the criteria w"hich must be satisfied by the lesion to which the 
term generalized ostitis fibrosa is applied. These are (a) resorption 
of the existing spongy and cortical bone, (6) invasion of the enlarged 
haversian spaces and of the marrowr canal by fibrous tissue, and (c) 
the presence of How"ship’s lacunae, containing osteoclasts, on the 
walls of the haversian spaces, on the inner and outer surfaces of the 
compacta, and on the surfaces of the spongy trabeculae. New" bone 
formation (osteoid tissue), as a substitute for the original lamellar 
bone, and cysts and hemorrhages in the marrow cavity, while fre- 
quently found, are in our opinion not essential for the diagnosis of 
ostitis fibrosa. Osteoid tissue appears as a result of the reparative 
process going on in bones subject to ostitis fibrosa, and may be absent, 
slight or extensive, depending on the functional need for reinforce- 
ment by osteoid repair. 

Upon histological examination all the stated essential criteria of 
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ostitis fibrosa were found to be present in the dogs suffering from 
chronic hj'perparathyroidism. 

The fibrous bone changes were produced in dogs on a high or low 
caldum intake. In one dog (No. 7), receiving 650 mg. of calcium 
daily in the form of calciiun lactate administered by stomach tube, 
considerable fibrous replacement of the bone was observed on a dose 
of 8 units of parathormone daUy during the last 30 days of the para- 
thormone treatment. The production of ostitis fibrosa was enhanced 
in the dogs by depleting their caldiun stores more rapidly through 
the diminution of the caldiun intake, which permitted giving larger 
doses of parathormone without danger of fatal hj'percalcemia. WTien 
this condition is realized, an essential prerequisite exists for the pro- 
duction of ostitis fibrosa by parathyroid extract. 

That the changes observed could not be attributed to caldum de- 
fidency alone is evident from examination of bones of control dogs 
kept for months on a low caldum diet. These am'-m a k developed 
osteoporosis, which is histologically quite different from ostitis fibrosa 
cystica. Furthermore, by the use of parathormone, we have produced 
ostitis fibrosa in guinea pigs that were receiving a normal diet of 
adequate caldum content (1, 2). 

PROTOCOLS 

In the following protocols of 10 dogs on parathyroid treatment, only 
those data have been included which seemed necessary to a dear 
understanding of the means employed in the experimental production 
of ostitis fibrosa and of the results observed in the bones and tissues. 
The procedure had necessarily to be suited to each animal and was 
necessarily modified by developments. The central object was to 
preserve the life of the animal long enough to elidt the effects of experi- 
mental hyperparathyroidism on bone. A detailed presentation and 
discussion of the chemical data obtained will be published elsewhere, 
but suffident data are ^ven here to throw light on the clinical course 
of experimental hyperparathyroidism. The serum phosphorus data 
are given only when they indicate an exceptional condition. Some 
dogs died during the course of the experiments. With others, the 
experiments were terminated by administration of ether. 
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Dog 1 . — ^Initial weight, 2.3 kg. Weight at the conclusion of the e.^periment, 
11 days later, 2 kg. Calcium supplement, 600 mg. in the form of bone meal and 
calcium lactate. Four units of parathormone daily for 6 days and 8 units for 4 
days. The dog ate all food until the 9th day, when complete anore.xia appeared. 
The dog died on the morning of the 11th da 3 ^ Serum calcium, 1 7.0 mg. per 100 cc. 
on the 10th day. 

Autops}^ showed loss of abdominal fat, involution of the thjnnus, and decrease 
of the external parathyroids to about one-half of tlie usual size. An hemorrhagic 
area was present in the left upper lobe of the lung; the kidneys were pale; the bones 
broke easily. Histological examination showed bone resorption, but the marrow 
changes formed the most striking feature. There was extensive necrosis of the 
marro\Y of all the bones examined. The marrow injury was most marked at the 
metaphyses and costocliondral junctions. It was least pronounced or absent 
in the epiph 3 ’^ses. Fragmentation of the nuclei of the marrow cells was a prominent 
feature. The megakar 3 mc 3 des were ver 3 ’’ badl 3 r degenerated and had entirely 
disappeared from some sections. Nmnerous mature neutrophilic and eosinophilic 
leucocytes appeared in the marrow. The er 3 '^throgenic cells were also degenerated. 
The connective tissue reticulum of the marrow was proliferated. There was 
diapedesis of red blood cells, particularl 3 ’’ in the metaph 3 "sis, extensive dilatation 
of blood vessels, and considerable free marrow hemorrhage. Small collections of 
fibrin W’ere observed in the hemorrhagic areas, and phagocytes also appeared in 
the marrow. The osteoclasts w'ere large and numerous and for the most part 
not degenerated, indicating that the 3 >' were reactive cells. In addition to tlie ver 3 ’' 
extensive degeneration of the marrow, the osseous tissue of the ribs and tubular 
bones showed evidences of very rapid decalcihcation. The trabeculae and the 
walls of tlie haversian canals were nearl 3 '- completel 3 '’ stripped of cells. The 
cartilage cores in the areas of endochondral ossification were eitlier nearty bare or 
bare b 3 '' the resorption of the previously deposited fiber-bone. New endochondral 
bone formation had ceased. This bone resorption ivas undoubtedl 3 ’^ due mainly to 
vascular processes. Osteoclasts and How'ship’s lacunae w’ere present, but mostly 
under the periosteum. Embedded and ground-disk cross-sections from the middle 
of the diaph 3 '^ses of the long tubular bones shoived enlargement of the haversian 
canals with How'ship’s lacunae containing osteoclasts. Examination of the soft 
tissues demonstrated extensive degeneration of the centers of the Malpighian cor- 
puscles of the spleen, with congestion and leucocytic infiltration of the pulp; in- 
volution atroph 3 ’’ of the th 3 Tnus; congestion of the l 3 ’-mph nodes; and congestion, 
leucoc 3 'tic infiltration and pigmentation of the liver. The kidne 3 '’S show'ed some 
calcium casts in the tubules. There was evidence of pneumonia, and the supra- 
renals were congested, with leucoc 3 'tic infiltration. The tissues were not fixed 
or stained especiall 3 ’- for calcium. 

Summary . — This dog died of acute h3^erparathyToidism. One of 
the most striking changes was in the bone marrow, which was ex- 
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tremely degenerated and hemorrhagic. The bones showed extensive 
decaldfication. There had as yet been little marrow repair. The 
lymphoid tissue of the spleen was also degenerated. 

Dos 2 . — Initial vreight, 1.65 tg. Weight at conclusion of e.xperiment, 14 days 
later, 1.4 kg. No supplementaiy calcium was added to the diet. Four units of 
parathormone were given for 6 days, and 6 units for 3 days. On the 9th day the 
dog lost its appetite. On the 10th day it had bloody stools, and its serum calcium 
was 16.5 mg. per 100 cc. The dog died on the 14th day. Autopsy showed involu- 
tion of the e.^temal parath>Toids to about one-half the usual size and bilateral 
pneumonia and fibrinous pleurisy on the left side. Histological examination 
showed numerous degenerated kidney tubules containing calcium casts. Some 
glomeruli contained calcium deposits. The spleen was scarred, and showed evi- 
dence of active phagocj-tosis and leucocj'tic infiltration. The lungs contained 
patches of pneumonia and granules of deposited calcium. The bones were not 
studied. The parathj-roids showed simple involution atrophy. 

Summary . — This dog died of acute hyperparathjTroidism complicated 
by bronchopneumonia. The soft tissues showed metastatic calci- 
fication. 

Dog 3 . — Initial weight, 1.95 kg. Weight at the termination of the experiment, 
21 days later, 2.3 kg. Calcium supplement, 200 mg. daily, in the form of bone 
meal and calcium lactate. Injected 2 imits of parathormone daily for 20 days. 
Serum calcium was 12.4, 11.7, and 12.8 mg. per 100 cc., respectively on the 11th, 
18th and 21st days. The dog was killed to terminate the experiment. Autopsy 
showed a good state of nutrition. The organs and bones showed notlung unusual 
in the gross. The epiphyseal cartilage plates were tbi'n. The thick cortex of the 
shafts of the long bones appeared compact in the gross. But when compared with 
a normal litter control, ground disks made from sections taken from the middle of 
the diaphysis of the long tubular bones showed definite microscopical evidence of 
resorption even of the apparently compact cortex. The Schwalbe and haversian 
canals were enlarged, but in stained sections no excessive connective tissue in- 
vasion of the canals was observed. In the stained sections of the long tubular 
bones no disturbance of endochondral ossification and no fibrous replacement of 
the marrow were foimd. The ribs, however, even with the small doses of para- 
thormone received by this dog, showed degeneration of the blood-forming cells 
of the marrow, with destruction of the megakaiyocj'tes which were being phago- 
cytosed. There was fibrosis of the marrow, with the appearance of numerous 
leucocytes and eosinophiles. At the costochondral junctions rapid decalcification 
had taken place, and the more compact bone showed evidence of lacimar resorption 
with osteoclasts. The soft tissues showed nothing very imusuaL Some kidn^' 
tubules contained calcium casts. 
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Summary . — Pronounced effects on the bone and marrow were ob- 
served even when parathormone was given for a short period in 
doses not sufficient to induce a hypercalcemia. The bone resorption 
was generalized and quite evident in the cortex of the diaphysis. The 
marrow changes were strikingly present in the ribs. 

Dog 4 . — Initial weight, 1.7 kg. Weight at the conclusion of the e-xperiment, 
21 days later, 1.95 kg. Calcium supplement, 600 mg. daily (bone meal and cal- 
cium lactate). Two units of parathormone were injected dad}’- for 20 days. The 
serum calcium was 14.2, 12.4, 12.2, and 12.0 mg. per 100 cc., respectively, on the 
11th, 12th, 18th and 21st da3fs. The animal was killed to terminate the experi- 
ment when it was in e.xcellent condition. Grossly neither the bones nor the soft 
tissues showed anything unusual. In ground disks of sections from the middle 
of the shafts of the long tubular bones resorption, as evidenced by enlarged vessel 
canals, was obsen'-ed. Stained longitudinal sections of the long tubular bones 
showed some resorption of the compact and spongj' bone, but connective tissue 
scarring was absent. The ribs, as in Dog 3, showed destruction of marrow cells, 
rapid decalcification at the costochondral junctions, osteoclasts and Howship’s 
lacunae. There were calcium metastases in the kidneys. Otherwise the soft 
tissues showed no unusual features. 

Summary . — In this dog, as in Dog 3, bone resorption and marrow 
fibrosis occurred after small doses of parathormone. 

Dog 5 . — Initial weight, 1.3 kg. Weight at conclusion of the experiment, 3S 
days later, 2.5 kg. Calcium supplement, 280 mg. dailj’- for 5 days (in the form of 
bone meal), and 100 mg. (bone meal and calcium lactate) to the end of the experi- 
ment. The animal ate all its food until the 37th day, when it suddenly developed 
complete anore.xia. The dog received 2 units of parathormone daily for the first 
7 days, then 4 units daily for 17 days, 8 units daily for 4 days, 12 units daily for 
6 daj’-s, and finally 16 units daily for 2 days. On the 37th daj'' the parathormone 
was discontinued. At this time the dog was not obviously moribund. It was 
found dead on the 38th day. On the 12th day the serum calcium was .12.0 mg. 
100 cc.; on the 2Sth, 11.6 mg ; and on the 34th day 11.0 mg. The blood obtained 
post-mortem showed a serum calcium of 13.6 mg. The dog probably died about 
30 hours after the last injection. The urine obtained from the bladder at autopsy 
was acid (total titratable acidity equivalent to 660 cc. n/10 hydrochloric acid per 
liter). The autopsj’’ showed that the dog was well nourished. There was con- 
siderable oedema of the subcutaneous tissues of the neck. The external para- 
thyroids were reduced to from one-third to one-half their usual size. The lungs 
showed hemorrhagic and oedematous areas. The rest of the soft tissues presented 
nothing unusual in the gross. The bones were soft and brittle, and broke easily; 
the skull bones were easily cut with the scissors. Histological examination of the 
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bones showed rapid decaldfication. The subepiphyscal cartilage plate trabeculae 
were reduced to cores of cartilage. New bone formation had ceased at the epiphy- 
seal cartilage plates and costochondral junctions. The marrow was necrotic in 
places. Much of the cellular marrow had disappeared from the diaphysis. The 
marrow was fibrosed and contained leucocj’tes. The resorption of the bone was 
shown by the naked trabeculae and by the enlarged haversian canals. Nmnerous 
osteoclasts in Howship’s lacunae were observed, but the hemorrhages and the vas- 
cular dilatadons indicated that much of the resorption was vascular. While 
there was extensive resorption even in the shafts of the tubular bones, no osteoid 
tissue was observed in the marrow. The thj-mus was involuted. The lungs 
showed bronchitis and broncho-pneumonia and irregular collections of calcium 
were observed in the inflammatory exudate. The spleen was somewhat fibrotic 
and there was considerable necrosis of splenic cells. The parathjToids showed 
simple involutionary changes; the cells were to a great degree spindle-shaped. 

Summary . — ^The dog undoubtedly died of hypercalcemic stock due 
to overdosage. It showed the acute effects of parathormone on the 
bone and marrow, superimposed upon the chronic effects of the pre- 
vious treatment. A striking feature was the absence of osteoid tissue, 
which apparently does not appear until there is pronounced decald- 
fication necessitating repair. 

Dog 6 . — Initial weight, 1.1 kg. The dog attained a weight of 2.1 kg. about 2 
weeks before its death, which occurred 65 days after the beginning of the experi- 
ment. At autopsy it weighed 1.8 kg. The calcimn supplement consisted of 280 
mg. calcium in the form of bone meal for 5 days; of 100 mg. of calcium (bone 
meal and calcium lactate) for the next 36 days; it was increased to 1200 mg. 
for 5 days; no caldiun was given for 2 days, and finally 650 mg. were given 
in the form of 50 cc. of a 10 per cent calcium lactate solution by stomach 
tube daily for 17 days. The dog received 2 imits of parathormone for the first 
7 days, 4 units for 5 day’s, the serum calcium rising to 14.8 mg. per 100 cc. on the 
12th day of the experiment. Parathormone was discontinued for 7 days and was 
again begun on the 19th day of the experiment at 2 units daily. This dose was 
continued for 6 day’s, followed by 4 units daily for 4 day’s, 6 units daily’ for 6 day’s, 
and 10 umts daily for 7 days. The serum calcium on the 27th, 33rd and 41st 
day’s was 12.2, 11.2 and 10.6 mg. per 100 cc., respectively. There was a progres- 
sive drop in spite of increased parathormone dosage, which was probably’ due to 
the fact that the dog was getting only about 100 mg. calcium daily during this 
period. The last serum calcium value was obtained just before the calcium supple- 
ment was increased to 1200 mg. daily- on the 41st day. On the 43rd day, the dog 
still being on 10 umts of parathormone daily, the serum calcium rose to 15.3 mg. 
per 100 cc. The parathormone was discontinued for 4 day’s. Treatment was 
resumed on the 47th day-, with 6 units daily. The calcium intake was reduced 
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to 650 mg. by stomach tube. On the 51st day of the experiment serum calciuto 
of 19.0 mg. per 100 cc. was found, and 18.5 mg. on the following day. On con- 
tinuing the treatment, the serum calcium dropped to 12.6 mg. bj’’ the 58th day and 
on the 61st day it was 11,3 mg. The dog showed pronounced loss of appetite on 
the 57th da^f and left almost all of its food from the 62nd day on. It died on the 
65th day. 2 hours before deatli the serum calcium was 15.8 mg. and the serum 
phosphorus 11.9 mg. per 100 cc. (The coincidence of these high values is a com- 
mon observation in fatal h>TDerparathyroidism.) 

At autopsy the e.xternal parathjToids seemed to be slightly smaller than usual. 
There were patches of pneumonia in the left lower, and right lower and middle 
lobes of the lung. The heart muscles were pale and oedematous. The kidneys 
were yellowish, the markings indistinct, and throughout the kidney white specks, 
apparently calcium deposits, were seen. There was an intense gastro-enteritis. 
The stomacli wall was thickened to about five times normal. The stomach mucosa 
was extremely injected, and showed numerous mottled h'ght-j'-ellow areas, appa- 
rently containing calcium deposits. The injection of the intestines e.xtended to 
the end of the ileum; the sigmoid and colon were free. The bones were softened, 
and broke easily. There were no swellings at the costochondral junctions. 

The ribs on histological examination showed marrow fibrosis, but some lymphoid 
marrow was still present. The cortical bone was resorbed, and there were num- 
erous Howship’s lacunae and osteoclasts. Endochondral ossification was still 
in progress, the new formed trabeculae being lined by osteoblasts. Sections of the 
long tubular bones also showed marrow fibrosis and bone resorption, but to a lesser 
degree than the ribs. In ground-disk sections from the middle of the diaphysis 
enlarged vessel canals were found. The lungs were consolidated and calcium 
deposits were present in the inflammatory exudate. The stomach and intestines 
were congested, necrotic in places, and calcium deposits were found in the mucosa. 
The kidney tubules contained calcium casts. The parathyroid sections showed 
involutional atroph5r of the parenchymatous cells. 

Summary . — On a moderate calcium intake parathormone dosage 
was increased rapidly without adverse effects. When the calcium in- 
take was increased, the serum calcium rose at first, but soon declined 
to normal values. However, the dog was apparently in a state of 
severe hyperparathyroidism for about 1 week before its death while 
it showed normal serum calcium values. There was terminal hyper- 
calcemia and hyperphosphatemia. At autopsy the severe effects of 
acute h>T>erparath}T:oidism were observed in the soft tissues, while 
the bones showed the effects of chronic hyperparathyoidization. 
It is notew'orthy that osteoid tissue formation was not prominent. 

Dog 7 . — Initial weight, 1.5 kg. Killed acddentally 106 days later, when it 
weighed 4.35 kg. The diet was supplemented with 1400 mg. of calcium in the form 
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of bone meal for the first 5 days. During the next 64 days 600 mg. of calcium 
(bone meal and calcium lactate) ■were added daily. FoUo'wing that, for 37 days 
the dog received daily SO cc. of 10 per cent calcium lactate by stomach tube (equi- 
valent to 650 mg. of calcium), and 'was kiUed accidentally on the 106th day of the 
experiment by sufiocation ■when the stomach tube ■was inserted in the trachea. 
Two units of parathormone were injected daily for the first 7 days, then 4 units 
for 17 days, 8 units for 4 daj-s. The serum calcium values were 11,9 on the 12th 
day, and 11.3 on the 28th. Parathormone was increased to 12 units for 2 days, 
but was discontinued for the next 4 days because anore.xia developed; no serum 
calcium determination was made. Before parathormone injections were resiuned, 
serum calcium was 11.4 mg. per 100 cc. (on the 34th day). It rose to 15.6 mg. 
on the 39th day of the e.xperiment, after parathormone had been given for 4 days 
(10 units daily). This was the first time hj'percalcemia was observed in this 
dog, although signs of hj'perparathjToidism had been present (anorexia). Para- 
thormone was discontinued for 2 days, and then resumed, 8 units being given daily 
for 21 days until the 61st day of the experiment. The serum calcium was 12.2 mg. 
per 100 cc. on the 42nd daj', 12.6 mg. on the 45th, 13.7 mg. on the 53rd, and 11.1 
mg. on the 60th day of the experiment. Parathormone injections were increased to 
14 ■units daily on the 62nd day. On the 63rd day the serum calcium rose to 14.5 mg. 
On the 67th day the serum calcium was 17.1 mg. but serum phosphorus was not 
raised. The animal refused food though he was active. Parathormone was dis- 
continued for 2 days, and then resumed at 6 units daily. After 8 days it was 
increased to 8 units daily, which dose was continued from the 77th day to the 106th 
day. The serum calcium showed a regular drop from 1 1 .5 to 9.8 between the 74th 
and 97th day of the experiment, in spite of the daily parathormone injections. 

The animal at autopsy was well nourished. There was considerable abdominal 
fat. The soft tissues showed no gross pathological lesions. The dog was stunted 
in gro^wth, the bones were short, and the cortex of the long tubular bones was 
thin. The ribs showed fibrosis of the marrow. The Ijmphoid marrow had been 
largely replaced by loose coimective tissue containing numero'us eosinophiles and 
a spri nklin g of marrow cells. The blood vessels were dilated. Near the costo- 
chondral junctions and underneath the periosteum there were numerous osteo- 
clasts ■with evidence of active osteoclastic resorption. A few small cysts were 
seen throughout the marrow. These were lined by flattened endothelioid cells 
and probably represented blood vessels dilated as a result of circmlatory stasis. 
The haversian spaces of the compacta were enlarged, but in spite of the fibrosis 
of the marrow and the resorption of the bone most of the trabeculae were lined by 
osteoblasts and active endochondral ossification was in progress. There was 
metaplastic new-bone formation. Sections of the long tubular bones showed 
essentially the same changes as the ribs, but in somewhat lesser degree. The 
ground disks of sections from the diaphysis of the long tubular bones also showed 
resorption, the vessel canals being much enlarged. The parathjToid showed in- 
volutionaiy changes and metastatic calcification of the kidney tubules and stomach 
mucosa was found. 
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Summary. —On parathormone therapy -with an intake of at least 
600 mg. of calcium daily there was bone resorption and marrow fibro- 
sis, but there was also new-bone formation. The bone was deposited 
on cartilaginous trabeculae in the course of endochondral ossification. 
Having succeeded in maintaining this dog for a longer period than 
No. 6, we obtained a more severe degree of bone resorption and marrow 
and bone fibrosis. 

Dog 8 . — Initial weight, 1.1 kg. Killed to terminate the e.\periment 168 days 
later, at which time it weighed 2.9 kg. No supplementaiy^ calcium was given 
except between the 52nd and 60th daj'S, when the dog received 650 mg. of calcium 
daily in the form of calcium lactate stomach tube. 

This dog received at first 2 units of parathormone daily; from the Sth to the 
24th day, 4 units daib’’; from the 25th to the 29th day, 6 units daity; from the 30th 
to the 34th day, 12 units daily; from the 35th to the 39th day, 16 units daily; from 
the 40th to the 48th day, 6 units daily, and from the 49th to the 51st day, 10 units 
daily. Between the 52nd and the 107th day parathormone was discontinued. On 
the 108th and 109th da)'s 3 units were given daily; then 8 units from the 110th to 
the 158th day, and 20 units dail}’’ to the 168th day, when the dog was killed to 
terminate the experiment. 

Blood calcium studies showed striking^ the progressive fall that occurred as 
the animal was decalcified. The serum calcium was 13.0 mg. per 100 cc. on the 
12th da}--, 11.4 on the 28th, 10.9 on the 34th, 9.6 on the 42nd, and 8.1 on the 49th 
da}'. The dog at this time was rigid, dull, and had respirator}' difficulties. On 
the 53rd day it had tremors and tetany, the serum calcium being 7.8 mg. per 100 cc. 
The tetanic s}'mptoms may be taken as an indication of extreme e.xhaustion of 
calcium from the bones and soft tissues. At this time the forelegs were bowed 
outward, and the animal was weak and had difficulties in walking. It was decided 
to discontinue the parathormone and administer 650 mg. of calcium daily in order 
to preserve the animal’s life. Between the 53rd and 60th day, when the dog was 
receiving the large calcium supplement, its clinical condition improved rapidly, 
the serum calcium rising to 9.0 mg. On the 60th day the calcium was discontinued 
and the serum calcium began to show a consistent drop reaching 7,8 mg. per 100 
cc. by the 97th day. On the 108th day parathormone was again started at 8 units 
daily. The serum calcium remained fairly constant at about 8.0 mg. per 100 cc. 
or less. On the 16Sth day, when the e.xperiment was terminated, and after the 
dog had been on 20 units for 10 days, the serum calcium was 7.8 and the serum 
phosphorus 6.4 mg. per 100 cc., although at first the animal had responded to the 
increased dose by a serum calcium as high as 10.4 mg. 

The clinical condition of the dog makes an interesting study. On the 40th 
day its abdomen was distended, apparently as a result of h}'perparathyroid h}’po- 
tonia. Between the 4Sth and 53rd days there was difficulty in breathing, dullness 
and rigidity, with frequent tetam'c seizures with spasmodic defecation and urina- 
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tion when the dog was handled. On the S3rd day respiratory failure developed 
during a tetanic seizure. At this time a scrum phosphorus value of 10.7 mg. per 
100 cc. was found. Artificial respiration restored the dog in several minutes, after 
which the muscles were relaxed. High phosphorus values were observed fre- 
quently, particularly after tetanic seizures, which varied in severity during the 
period that followed, which lasted for about 8 weeks, while the dog was not receiv- 
ing any parathormone. There was rapid improvement after calcium therapy was 
initiated. The appetite improved, and the animal walked about the cage. The 
calcium was discontinued after about a week, but parathormone therapy was not 
resumed for 7 weeks longer, until the 107th day. The tremors reappeared together 
with spasmo(hc defecation, grunting respiration, and atony of the abdominal wall. 
Greater deformities of the forelegs developed, the plantigrade stance becoming 
worse. Shortly before the dog was killed, bloody stools and bloody diarrhea ap- 
peared, probablj^ due to parathormone overdosage (without hj-percalcemia). 

Weight at autopsy was 2.9 kg. The dog had attained its maximum weight of 
3.58 kg. 3 weeks previously. The animal had been greatly stunted, both hmneri 
were rotated on their long axes, as observed in osteomalacia, and even on gross 
examination marked softening of the bones was evident. The internal organs 
showed nothing ususual in the gross. 

On histological examination the ribs showed very extensive replacement of the 
marrow by cellular connective tissue. Embedded in it were a few islands of 
lymphoid marrow. In these islands the blood forming cells were for the most 
part well preserved, and red and white blood cells were maturating. The mega- 
karyocytes were few and degenerated. The spindle connective tissue rQ)lacing 
the marrow was in places oedematous, and it contained a sprinkling of lympho- 
cytes, polymorphonuclear leucocytes, some macrophages and plasma cells. A 
few lymphoid marrow cells could still be observed scattered through the connective 
tissue, which was quite vascular. Some osteoclasts were also observed in the 
marrow connective tissue. Very little remained of the original cortical bone, 
which had been resorbed, as evidenced by the enlarged vessel canals filled with 
fibrous tissue. One of the ribs examined showed a fracture thmiigh the cortex, 
and there was an attempt at repair by the formation of subperiosteal and endos- 
teal callus. Throughout the fibrosed marrow a large number of osteoid and 
lamellar-bone trabeculae were observed. Many of these osteoid trabeculae were 
covered by osteoclasts, while the lamellar bone trabeculae were generally naked, 
and showed osteoclasts in considerable numbers in or near Howship’s lacunae. 
At the costochondral junctions there was considerable osteoid-bone, and the 
intertrabecular connective tissue contained numerous osteoclasts. Many small 
cyst-like spaces were observed throughout the scarred marrow, but were most 
numerous at the costochondral junctions. They were lined by very' flat endothe- 
Uoid cells, and many were surrounded by' lymphoid marrow. Some of these cysts 
were definitely' blood-vascular spaces, containing red blood cells. These spaces 
were apparently related to stasis of marrow circulation. Some were possibly of 
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lymphatic origin. However, it seems to be impossible to trace definitely the 
origin of all of the cyst-like spaces. 

Examination of longitudinal sections of the upper end of the humerus showed 
that the articular cartilage was normal. A vcr}^ striking finding was the preser- 
vation of the marrow of the epiphysis, which was cellular and show’cd no fibrosis. 
The bone trabeculae of the epiphyses were thin, but not transformed. The epiph- 
yses were therefore entirelj’' free of ostitis fibrosa. The metaph 3 'ses and diaphyses, 
however, show'ed cortical resorption, osteoid-bone formation, numerous osteo- 
clasts in How’ship’s lacunae, fibrosis and marked congestion of the marroiv and 
enlargement of the vessels with marrow' hemorrhage. There had been a patho- 
logical fracture of the humerus. The femur showed similar changes, and even 
to a greater degree. Thej' w'ere confined to the metaphj'sis and diaphysis. The 
femur also had a pathological fracture. The sections of several other tubular 
bones show'ed similar changes, but to a lesser degree. 

Cross-sections from the diaph 3 ''ses of the long tubular bones showed extremely 
enlarged vessel canals containing fibrous marrow’. Some How’ship’s lacunae and 
osteoclasts were also seen. The haversian canals w’ere lined by osteoblasts. 
Ground disks from the same regions also showed marked resorption. 

The kidneys on the whole w’ere w’ell preserved, show’ing in places nests of l 3 Tn- 
phoid cells, a few’ sclerosed glomeruli, and calcium in some tubules. Numerous 
liver cells w’ere replaced by fat. The other tissues show’ed nothing unusual. The 
specimens w’ere not fixed or stained specially for calcium. 

Summary ^ — This dog showed extensive resorption and fibrous re- 
placement of the bone and marrow with considerable new bone forma- 
tion (osteoid tissue). The fibrosed marrow w’as congested and con- 
tained cyst-like spaces. Deformities of the legs developed and 
histologically there 3vas evidence of numerous pathological fractures. 
In spite of many evidences of severe h 3 ’perparathyroidism, the serum 
calcium showed consistent decline, apparentl}*' accompanied by lowered 
tissue calcium, leading eventually to tetany. The development of 
all of these consequences of hyperparathyroidism was no doubt en- 
hanced by the calcium-poor diet, but cannot be attributed, of course, 
to the diet as such. 

Dog 9 . — Initial weight, 2.25 kg. The dog gained weight slow’b’ but continousb’ 
to the termination of the e.\periment, 167 da 3 ’s later, when it weighted 5.35 kg. 
Calcium supplement, 200 mg. dail 3 ’ for the first 23 da 3 ’s (bone meal and calcium 
lactate), and 1300 mg. from the 24th to 27th da 3 ’ (calcium lactate). From the 28th 
to the 8Sth da 3 ’ the dog received daily 650 mg. of calcium (50 cc. of a 10 per cent 
solution of calcium lactate b 3 ’ stomach tube). Between the 89th and- the 143rd 
da 3 ' no supplementar 3 ’ calcium was given, then 100 mg. of calcium (bone meal and 
calcium lactate) were added and continued to the end of the experiment. 
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Four units of parathormone were injected during the first 6 days, and 8 units 
from the 7th to the 10th day. The serum calcium was 16.4 mg. per 100 cc. on the 
10th day. Parathormone was omitted from the 11th to the 16th day, the serum 
calcium falling to 11.3 mg. on the latter day. From the 17th to the 20th day 
6 units were given daily and the serum calcium rose to 12.4 mg. On the 21st 
and 22nd days the dog received no parathormone; on the 23rd and 24th, 8 units 
daily; none on the 25th and 26th. The serum calcium was 11.4 mg. per 100 cc. 
on the 24th and 11.0 on the 27th. From the 27th to the 43rd day the dog received 
8 units daily; the serum calcium rising to 15.0 mg. on the 35th day and 15.5 on the 
36th. The treatment being continued, serum calcium fell to 10.9 mg. on the 
42nd day. On the 44th day the parathormone was increased to 12 units daily. 
The serum calcium was 12.1 mg. on the 45th day. On the 51st day, after some 
loss of appetite, the parathormone was decreased to 6 imits daily, raised to 8 units 
daily on the 59th day, and continued at this dose to the 138th day. The serum 
calcium remained constant at normal values while the animal received 650 mg. 
of calcium daily (to the 88th day). During the period when no calcimn supple- 
ment was given (S8th day to 143rd day) the serum caldum dropped consistently. 
It was 10.0 mg. per 100 cc. on the 100th, 9.6 on the 103rd, 9.6 on the 112th, 8.5 
on the 133rd, and 8.8 on the 140th day. On the 140th day the parathormone 
was raised to 20 units a day and continued at this dose until the termination of 
the experiment of the 167th day. The serum calcium rose to 9.9 mg. per 100 cc. 
on the 147th day, and was 10.1 on the I50th, 10.8 on the 154th day, 10.7 on the 
I61st day, and 10.6 on the 167th day. 

Clinically this animal showed hypercalcemia and hyperparathyroidism on 
several occasions. The appetite was generally good and there was a progressive 
gain in weight. There was marked stunting of growth, the forelegs were bowed 
outwards, the bones were thin. The dog was well nourished at autopsy and 
otherwise showed nothing unusual in the gross. 

On histological examination, the ribs showed extensive fibrous replacement of 
the marrow, but considerable Ijmphoid marrow still remained. The fibrous 
tissue of the marrow was oedematous. Marked resorption of the existing bone 
was evident, and numerous osteoclasts were observed in Howship’s lacunae in the 
marrow connective tissue. Nxunerous trabeculae of osteoid-bone were obseiwed 
near the costochondral junction. Some cj'st-like spaces were present. The changes 
were of the same order, but somewhat less pronounced than in Dog 8. The long 
tubular bones also showed resorption of the compacta, enlargement of the vessel 
canals, which were filled with fibrous tissue. There was subepiphyseal cartilage 
osteoid-bone formation, and some fibrosis of the marrow. The epiph 3 'ses were 
free of these changes. Stained cross-sections and ground disks made of bone 
taken from the middle of the (haphjses of tubular bones showed enlarged vessel 
canals, and subperiosteal and subendosteal resorption. In the stained sections 
numerous osteoclasts were seen in the enlarged vessel canals, as well as some 
fibrous tissue and osteoid. 
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In a section of the lower jaw bone resorption, fibrosis, osteoclasts and cyst-like 
spaces were found, while a section from the calvarium showed similar changes and 
some osteoid-bone formation. 

Nothing unusual was observed in the kidney, and no calcium deposits were 
found in sections stained by the v. Kossa method. None of the other soft tissues 
showed anything striking, and calcium deposits were found only in the stomach. 
The parathyroid glands seemed to have undergone simple involutional atrophy. 

Summary . — This dog also showed the typical bone changes of 
chronic hyperparathyroidism. The histological picture satisfies the 
criteria established as necessary for the diagnosis of ostitis fibrosa. 
The absence of metastatic calcification in the tissues of this dog, in 
spite of the prolonged treatment, is significant. It seems to indicate 
that while metastatic calcifications are to be expected in acute hyper- 
parathyroidism with hypercalcemia, the absorption of the calcium 
deposits is likewise to be expected in the stage of chronic hyperpara- 
thyroidism mthout hypercalcemia. (See also Dog 10.) 

Dog 10 — Initial weight, 1.05 kg. Weight at termination of the experiment, 
185 days later, 4.8 kg. Greatest weight, 5.3 kg., was attained 19 days before the 
dog was killed. Calcium supplement, 560 mg. calcium daily for the first 5 days 
(bone meal and 200 mg. calcium daily from the 6th to the 105th day (bone meal 
and calcium lactate). Calcium was discontinued until the 162nd day, when 100 
mg. of calcium daily was added and continued to the 185th day. The dog was 
injected with 2 units of parathormone daily for the first 7 days, 4 units daily to 
the 11th day, at which time the serum calcium was 15.2 mg. per 100 cc. From 
the 12th to the 24th day the dose was reduced to 2 units daily. The serum calcium 
on the 28th day was 12.7 mg. On the 30th day parathormone was increased to 
8 units daibr, but injections were discontinued from the 33rd to the 40th day be- 
cause of loss of appetite. They were resumed on the 41st day at 6 units daily. 
The serum calcium was 14.7 mg. on the 42nd day, 12.5 on the 45th, 12.3 on the 
53rd, and 11.5 mg. on the 60th day. On the 61st day parathormone was increased 
to 12 units daily. The serum calcium rose to 12.2 mg. on the 63rd, and 13.0 mg. 
on the 67th day, with associated loss of appetite. After omitting one dose of 
parathormone, it was decreased on the 69th day to 6 units daily until the 78th 
day, at which time the serum calcium was 1 1 .6 mg. On the 79th day the injection 
of 8 units of parathormone was begun and this dose was continued to the 157th 
day. Serum calcium was 11.5 mg. on the 81st day, 10,7 on the 88th, and 11.6 
on the 96th day. On the 106th day the supplementary calcium was discontinued, 
the parathormone dose being maintained at 8 units daily. The serum calcium 
was 10.8 mg. on the 118th day, 12.5 on the 112th, 10.7 on the I30th, 11.1 on the 
151st, and 10.8 on the I58th day. On the 160th day the dose of parathormone 
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vras increased to 20 units daily, but the serum calcium remained unchanged at 
11 mg. on the 165th day, 11.2 on the 168th, 11.0 on the 172nd, 11.2 on the 179th, 
and 11.2 on the 185th day, when the dog was killed to terminate the experiment. 

On autopsy the dog was well nourished. Otherwise the autopsy showed no- 
thing unusual in the gross, except that there was slight bowing of the bones. The 
dog was markedly stunted. The changes in the bones of this dog were essentially 
the same as in No. 9. Histological examination of the soft tissues revealed nothing 
unusual. The splenic pulp was somewhat fibrosed and some of the liver cells 
were fattj'. Tissues appropriately fixed and stained showed a striking absence 
of calcium. This was in significant contrast with our observations of metastatic 
calcifications in dogs djdng of acute hyperparathyroidism. Only a few kidney 
tubules showed some calcium in the lumina. 

Summary . — The tissue changes and their significance "were the 
same as in Dog 9. Bone lesions characteristic of ostitis fibrosa "were 
produced as a result of prolonged treatment with parathormone. 

DISCUSSION 

We have produced ostitis fibrosa in yotmg growing puppies. We 
believe that the period of active skeletal growth is more suitable for 
the development of this condition. During the period of growth the 
demand for calcium is great, but even on a liberal caldmn intake para- 
thormone interferes with calcium utilization, and with the formation 
of normal bone, the calcium balance being negative on appropriate 
dosage. An analogy is foimd in the well-known requirement in the 
standardized procedure for the production of experimental rickets, 
the development of which is favored by rapid growth. The changes 
that we have observed in experimental hyperparathj’Toidism are not 
of the t 3 q)e that are caused by low caldum diets. On such diets ani- 
mals are not stunted, provided the diets are not defident in vitamins; 
no marrow destruction and fibrosis are foimd. These lesions seem to 
be spedfic effects of parathormone treatment. The decalcification 
in h 3 q)erparathyroidism is not only more rapid than in simple caldmn 
deprivation, but perhaps because of the greater rate of decaldfication 
the secondary effects develop which serve to distinguish the two 
conditions. 

That parathormone affects the lymphoid marrow cells directly, in 
addition. to its effects on the bone, was observed in all dogs dying of 
acute h3q5erparath3Toidism. We believe that during acute h}p)er- 
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paratliyroidism destructive changes appear also in other l}anphoid 
tissues. There seems to be no doubt tliat the severe marrow fibrosis 
is in part an expression of the healing of the injured marrow during 
prolonged parathormone therapy. 

It may well be that the immediate antecedent of experimental 
ostitis fibrosa is a condition, perhaps related to the disturbed acid-base 
equilibrium, which may also be caused by other agents than parathor- 
mone. However, it seems essential that the action be continuous, 
and that the condition which it causes be maintained for long periods 
without endangering tlie life of the experimental animal, or a certain 
minimum of well-being. Parathormone is specific in the sense that it 
satisfies these requirements. 

In acute experimental hyperparathyroidism, metastatic calcifications 
are generally observed, associated with hjqjercalcemia. We have con- 
firmed this observation. In some of our animals, the stage of acute 
h3q)erparathyroidism was succeeded bj’- chronic h3q)erparath3'Toidism, 
without hypercalcemia. In these animals, when they came to autopsy 
metastatic calcifications were absent or nearty absent. We suggest 
that metastatic calcifications had been present in these animals earlier, 
and were resorbed during tlie chronic stage of h3q)erparath3'’roidism. 

It has been widely realized that parathormone effects are to be 
judged by calcium excretion, particularly in the urine, ratlier tlian by 
a rise of serum calcium. And 3'^et, absence of parathormone effects 
has been frequently inferred from the absence of hypercalcemia. It 
therefore remains necessary to emphasize that parathormone effects 
on bone may be observed, as our protocols prove, even when the cal- 
cium values are normal or lower than normal. 

The lesions produced in these young animals were of the order ob- 
served in V. Recklinghausen’s disease (ostitis fibrosa cystica, or the 
hypostotic-porotic form of osteodystrophia fibrosa). It is well known 
that clinically most of the cases of ostitis fibrosa cystica of v. Reck- 
linghausen come to notice before middle age, the condition probably 
having developed for many 3^ears %vithout clinically prominent s3mp- 
toms. Hirsch, basing his conclusions on X-ray experience, believes 
that most of these cases begin early in life ( 50 ). 

One of the very striking features observed in our young dogs whose 
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epiphyses were as yet not fused ■nith the diaphyses, and in whom epi- 
physeal cartilage plates were still present, was the absence of fibrous 
osteodystrophy in the epiphyses. The epiphyses at most showed 
some simple bone atrophy, but marrow fibrosis and active bone re- 
sorption, with Howslup’s lacunae and osteoclasts, were absent. The 
lesions were most prominent in the metaphyses, where active new bone 
formation would normally take place. It seems quite definite that 
bone injury and marrow fibrosis observ^ed by us in these experiments 
are not dependent upon vascular changes, as the epiph}"ses are also 
exceedingly vascular during the growing stage and would share in the 
changes if the vascular factor were decisive. 

The presence of osteoid tissue as a requisite for establishing the diag- 
nosis of ostitis fibrosa seems to have been given too much significance. 
In advanced clinical cases with considerable deformity, it appears al- 
most always. Its appearance, we believe, is related to the phj’-siologi- 
cal need of reinforcing bones subject to decaldfication. In our dogs 
we observed osteoid tissue formation when decalcification was most 
severe, and when there was definite need for repair, as for instance in 
response to a gross fracture. We conceive that rapid decaldfication, 
when gross fractures do not occur, leads to a weakening of the bone 
at innti m erable points, espedally if the anim al is active. In \aew of 
the stresses and strains exerted at these points, microscopical fractures 
may be conceived, in the repair of which osteoid is produced. Osteoid 
may also be formed on greatly- thinned bone as an expression of the 
need to repair. 

In regard to the presence of cysts in our dogs with advanced fibrous 
lesions, these are, we believe, and as many pathologists have observed 
in climcal material, due for the most part to circulatory stasis that re- 
sults from the distortion and scarring of the marrow inddent to the 
development of the ostitis fibrosa. 

In dogs dying of acute hyperparathyroidism we observ'ed reduction 
in the size of the external parathyroids to about one-half their usual 
size. Microscopically, the reduction in size was found related to a 
diminution in the size of the parenchymatous cells and to their dis- 
tortion. We interpret this picture as evidence of functional invo- 
lutional atrophy due to substitution therapy. 
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SUMMARY 


These experiments have shown that parath3n‘oid extract (para- 
thormone Collip) can be injected- into puppies in increasing amounts 
for long periods wnthout fatal results. Thus time is allowed for bone 
changes to develop. Ix)ng continued injection leads to progressive 
decalcification and resorption of the existing bone, to fibrous replace- 
ment of the marrow, and to the production of the other features 
characteristic of ostitis fibrosa. Deformities eventually appear. 
It is safe to assume that the bone changes produced by hyperpara- 
thyroidization have the same pathogenesis as those observed in clinical 
cases believed to be instances of hyperparathyrroidism — that is, cases 
with a negative mineral balance and decal cipcation of the skeleton. 
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EXPL.ANATION OF PL.ATES 
PlATE 35 

Fig. 1. Rib of Dog 9 showing costochondral junction. The marrow is fibrosed, 
some islands of hmphoid marrow are still present. A few Q'sts are observed. 
Magnification 18 X. Stained with hematoxylin and eosin. 

Fig. 2. Rib of Dog 10. The marrow is fibrosed and contains numerous osteo- 
clasts. Cysts are present, hlagnification 20 X . Stained with hematoxj'lin and 
eosin. 

Fig. 3. Rib of Dog 8. The marrow is fibrosed and numerous cj'sts are seen. 
Considerable newly formed trabeculae are present. In places there is disappear- 
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ance of the cortical bone. Magnification 10 X. Stained with hemato.x 3 ']in and 
eosin. 

Fig. 4. Rib of Dog 8 showing remaining islands of Ij-mphoid marrow, many of 
which surround cj’sts. Fibrosis of the marrow, thinning and transformation of 
the corte.x are more evident than in Fig. 3. Magnification 20 X. Stained with 
hematoxylin and eosin. 

Fig. 5. A higher power picture from same rib showing marrow fibrosis, c^’sts, 
and newly formed fiber-bone. Magnification 150X. Stained with hematox^’lin 
and eosin. 

Fig. 6 . Shows part of the epiphysis (above) and metaphysis (below) the epi* 
pfiji-seal cartilage plate of femur of Dog 8. There is no endochondral-bone forma- 
tion at the epiphj'Seal cartilage plate. Lj'mphoid marrow is observed in the epi- 
physis, where marrow fibrosis is absent. In the metaphysis marrow fibrosis and 
numerous cj'sts are seen. Magnification 16 X. Stained with hematoxj'lin and 
eosin. 


Plate 36 

Fig. 7. The diaphysis of the femur of Dog 8 showing considerable marrow 
fibrosis with resorption of bone. ]\Iagnification 20 X. Stained with hematoxj’lin 
and eosin. 

Fig. 8. Osteoid tissue in the fibrosed marrow of the femur of Dog 10. hlagni- 
fication 60 X. Stained with hemato.xjdin and eosin. 

Fig. 9. Fiber-bone formation in the fibrosed marrow'. Magnification 300 X- 
Stained W'ith hemato.x)'lin and eosin. 

Fig. 10. Shows extensive osteoclastic resorption below the epiphj'seal cartilage 
plate of the humerus of Dog 9. Magnification 85 X. Stained w'ith hematoxj'lin 
and eosin. 

Fig. 11. Shows resorption and fibrosis of bone from calvarium of Dog 10. 
Magnification 85 X. Stained with hematoxylin and eosin. 





























A COIvIPARISON OF THE CHEMICAL ALTERATIONS IN 
THE BLOOD OF RATS INFECTED WITH PATHOGENIC 
AND NON-PATHOGENIC TRYPANOSOMES 

By BICHARD W. LEsTON, Ph.D. 

{From the Department of Bacteriology, College of Physieians and Surgeons, Columbia 

University, New York) 

(Received for publication, July 8, 1930) 

In a recent study (1) of some of the factors involved in acute in- 
fections "with Trypanosoiua equiperdum in rats it vras found that the 
CO 2 capacity of the serum was lowered, the lipoid phosphorus, and 
lecithin, increased, and the liver glycogen greatly diminished or absent. 
The hlood sugar, on the other hand, remained at a normal level until 
late in the disease. Cholesterol remained unchanged in amount, 
■while the non-protein nitrogen and mic acid increased only subtermi- 
nally •with the partial breakdown of the kidneys. 

It seemed of interest to investigate the factors which had proved 
to be influenced in the pathogenic infection, in infections due to the 
non-pathogenic Trypansoma leunsi, to determine a possible injurious 
effect of this parasite. The blood sugar in rats infected "with this 
organism has already been reported upon in exiaiso (2), and found 
to remain normal. 

The methods are those that were used in the previous work. The 
results for the lipoid phosphorus, the calculated lecithin, and the liver 
glycogen, are given in Table I. Table II summarizes the experiments 
for the determination of the CO; capacity, and Table lU contains a 
comparison between the fatal and the non-fatal infections, in respect 
to these three factors. 

The data for the 21 animals in Table I are arranged to illustrate 
the rise and fall in number of the trypanosomes throughout the in- 
fection. The determinations were made from animals ■with increasing 
numbers of trypanosomes up to 450,000 per cubic millimeter (No. 
11); the remaining animals were those in which the crisis was passed. 
The lipoid phosphorus was determined, and the lecithin calculated, 
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in normal animals before the infection was given, and again when 
the infection had reached the stage indicated by the trypanosome 
counts. The percentage of variation between the two determina- 
tions is also given. 

This variation is positive in 9 cases and negative in 4. The normal 
range for lecithin, based on the results of this and the previous paper, 
seems to lie in the rat between about 170 and 250 mg. per 100 cc. of 
blood. In 4 of the animals only a single determination was made, 
and all of these lie within the normal range (Nos. 5, 12, 14, and 19). 
In one animal (Rat 6) tlie upper limit is transcended, and the varia- 
tions throughout, both positive and negative, are relatively slight 
and without the marked upward trend wliich is apparent in the in- 
fections with T. cquiperdiim. These figures for rats are slightly 
higher than those for human blood as determined with this method by 
Rosen and Krasnow (3); they found the range to be from 160 to 
240 mg. 

The figures showing the amount of liver glycogen, calculated as 
glucose per gram of liver, are also included in Table I. This arrange- 
ment does not imply any connection between the tAVo factors. Glyco- 
gen is found to be present in significant amounts in every case, and 
does not vary with the rise and fall of the parasites. This finding is 
in contrast with the results of Regendanz and Tropp (4). These 
workers have published figures for 4 rats infected wdth T. lewisi, 
which show, they believe, that the glycogen is significantly lowered. 
Their animals had been splenectomized in order to increase the num- 
ber of organisms in the blood. It is impossible to tell, however, to 
what extent such an increase has actually occurred, since they do not 
publish any trj^anosome counts; nor are their figures for the glyco- 
gen content much lower than “normal,” especially in view of the 
great variations to which this constituent is subject. 

Table II presents the CO 2 capacities of the serum of 12 infected 
rats. All of these animals were taken for study at the time w'hen the 
parasites were in the stage of rapid increase. The values found are 
all wdthin the normal range. They show that the rats do not suffer 
from an acidosis during the infection, although acidosis is present 
from an early stage in infections with equiperdum. 



RICHARD W. LINTON 


697 


TABLE I 

Lipoid Phosphorus, Lecithin, and Lizer Glycogen, as Glucose, in Rats Infected inith 

Trypanosoma ! moist 


Rat No. 

Before infection 

After infecdon 

Percentage 

vamtion 

No. tis. per 
coxim. 

GIncosc. 
Mg. per gram 
of fiver 

1 

lipoid p. 
Mg. «r 100 ] 
cc. blood 

Led thin. 
Mg. per 100 
cc. blood 

lipoid p. 
Mg. «r lOO ; 
cc.V.ood 

I>dthin. 
Mg. per 100 
cc. blood 

1 






50,000 

12.3 

2 






75,000 

12.0 

3 

8.9 

222.5 

10.1 

252.5 

+13 

92,500 


4 

8.1 

202.5 

8.5 

212.5 

+5 

[ 125,000 

17.6 

5 



8.65 

216.2 


140,000 

13.3 

6 

1 9.85 

246.2 

11.6 

290.0 

+18 

150,000 

8.1 

7 1 

8.25 

206.2 

10.0 

250.0 

1 +21 

167,000 

8.0 

8 





1 

200,000 

18.0 

9 

8.6 

215.0 

9.9 

247.5 

+1S 

317,500 

7.1 

10 

9.05 

226.2 

9.9 

247.5 

+9 

342,000 

4.8 

11 

9.1 ’ 

227.5 

9.0 

225.0 

-1 

450,000 

9.8 

12 



9.5 

237.5 


200,000 

11.0 

13 

8.9 

222.5 

8.65 

216.2 

-3 

130,000 

35.0 

14 



8.3 

207.5 


125,000 

9.5 

15 

8.6 

215.0 

8.3 

207.5 

-3 

105,000 

6.6 

16 

9.2 

230.0 

9.3 

232.5 

+1 

100,000 

20.4 

17 

9.15 

228.7 

8.6 

215.0 

-6 

100,000 


18 






100,000 

15.5 

19 



9.05 

226.2 


62,500 

6.1 

20 

8.8 

220.0 

9.8 

245.0 

+11 

62,500 


21 

7.35 

183.7 

7.75 

193.7 

+5 

25,000 



TABLE n 


Carbon Dioxide Capacity of Serum in Rats Infected urilh Trypanosoma lerjiisi 


Rat No. 

Trypanosomes per ca jam. 

CO» capacity. VoL per cent 

1 

100,000 

56.0 

2 

137,000 

56.0 

3 

150,000 

64.6 

4 

175,000 

71.1 

5 

180,000 

60.7 

6 

200,000 

63.6 

7 

200,000 

69.1 

8 

225,000 

68.3 

9 

230,000 

69.1 

10 

237,500 

62.6 

11 

250,000 

58.8 

12 

275,000 

61.4 
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DISCUSSION 

Table III gives a comparison of the pathogenic and non-pathogenic 
infections. In T. Icwisi rats the lecithin varies from the normal -6 
per cent to +21 per cent, and shows an average increase of +6.5 per 


TABLE in 

Percentage Variations of Lecithin, and Average Liver Glyocogcn Content, as Glucose, 
throughout Infections with Trypanosoma lewisi and Trypanosoma equiperdum 



Lecithin 

Glucose. Jig. per gram of liver 

T. lewisi 

—6 per cent to +21 per cent 

12.6 mg. 


avg. + 6.5 per cent 
(9 increases, 4 decreases) 

(no negative cases) 

T. equiperdum 

+8 per cent to +99 per cent 

1.8 mg. 


avg. 35.6 per cent 
(11 increases, no decreases) 

(7 negative cases out of 11) 


Variation in CO2 Combining Capacity at Various Concentrations of Trypanosoma 
lewisi and Trypanosoma eqiiipcrdwn per Cubic Millimeter of Blood 



No. 

trypanosomes 

CO 2 combining 
cap. Vol. per 
cent 

r. lewisi 

137,500 

56.0 

T. equiperdum 

137,500 

37.0 

T. lewisi 

200,000 

69.1 

T. equiperdum 

200,000 

13.6 

T. lewisi 

237,500 

62.6 

T. equiperdum 

225,000 

45.0 

r. lewisi 

275,000 

i 64.4 

T. equiperdum 

275,000 

35.0 




cent; 9 of the animals showed increases and 4, decreases. With 
T. equiperdum all the animals showed increases, ranging from +8 
per cent to +99 per cent, and averaging +35.6 per cent. The same 
difference is shown in the comparison of the glycogen. With T. leavist 
this constituent was present to an average extent of 12.6 mg. of glu- 
cose per gram of liver, and no animals were found in which it could 
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not be demonstrated; in the livers of T. eqttiperdmt animals, on the 
other hand, it was absent in 7 out of the 11 cases, and averaged for 
the series 1.8 mg. per gram of liver. The COj capacities are con- 
trasted in 4 sets of animals in which the concentrations of trypano- 
somes per cubic millimeter were similar. In each case the T. lewisi 
nnimak show a normal, and the T. eqtiiperditm animals an abnormal, 
capacity. 

In general, the table, together with the others in this and the 
previous paper, shows that the action of T. equiperdum on these three 
factors is not due to the influence of its numbers, since equal numbers 
of r. lewisi are without effect, but to some action which it has upon 
the host. To apply the term “toxin” to this effect is simply a beg- 
ging of the question, since no completely acceptable evidence for the 
existence of such a substance has ever been adduced. 

The possibility must be kept in mind that coimting the trypano- 
somes in the peripheral blood may not be a valid method of comparing 
the extent of the two infections, since large numbers of the pathogenic 
organisms might be retained in, and have their effect upon, the inner 
organs. Work now in progress shows that such an “inner action” 
does occur when guinea-pigs are infected with T. equiperdum, in that 
a severe anemia appears in these animals relatively long before the 
parasites are demonstrable in the blood stream, or while their con- 
centration is extremely low. 

By the study of the factors here discussed it should be possible to 
determine whether “pathogenic” strains of T. lewisi exist. At 
present, the evidence for the pathogenicity of this organism is not 
convincing; especially is this so since Maimorston-Gottesman and 
Perla (5) have shown that death of normal animals infected with 
T . lewisi may really be due to a concomitant infection with Bartonella 
muris. 

SI71IMAE.Y 

Blood samples from rats infected with Trypanosoma lewisi give 
normal values for lipoid phosphorus, ledthin, COj combining capacity, 
and liver glycogen. 

When these results are compared with the results of similar ejqieri- 
ments with T. equiperdum infections, on the basis of the concentration 
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of trypanosomes in the blood, it is found that the pathogenicity of the 
latter organism does not depend upon its numbers as affecting the 
blood, but that it must be in some other way injurious to the host. 
Whether the injury is due to a true toxin, an endotoxin, or mechanical 
interference is not yet known. 
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In this study of the upper respiratoiy^ infections usually grouped 
under the heading of common cold, our primary interest has been in 
etiology. In earlier work (1, 2), two groups of organisms were 
investigated for possible causative relationship: (a) the bacteria more 
readily cultivated from the upper respiratory tract and (b) the group 
of Gram-negative, filter-passing anaerobes first described by Olitsky 
and Gates (3) and Olitsky and McCartney (4) and more recently in 
studies by Branham (5), Noble and Brainard (6) and others. 

In our work a niunber of normal individuals were taken and by 
serial cultures, over periods of several months, the basic bacterial flora 
of their noses and throats was determined. Concurrently detailed 
observations were made of quantitative and qualitative changes occur- 
ring in this flora in the course of colds. The bacteria included in the 
first study (1) were streptococcus, hemolytic and non-hemolytic; 

including the hemolytic forms; Gram-negative cocci; 
diphtheroids; Staphylococcus albus, aureus and pneumococcus 

and other occasionally encountered miscellaneous organisms. In the 
second study (2) the various t 3 q)es of filter-passing anaerobes referred 
to above were included. 

From the results obtained in this work we were led to conclude that 
none of the organisms in the first group are of primary etiological 
sigmficance, although some of them are of- importance as secondary 
invaders at times and that the filter-passing anaerobes constitute 
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part of the normal flora of the upper respiratory tract and do not seem 
to bear a causative relationslnp to colds. 

Having failed in these attempts to assign a causative r61e to bacteria 
in these two groups, we were led logicall}’- to testing the hypothesis 
that colds may be initiated by a filtrable virus. The present report 
deals ivitH an investigation of tliis possibility, using the medium of 
ape and of human transmission experiments. 

In 1914 Kruse (7), later Foster (8) and more recently Olitsky and 
McCartney (4) reported successful transmission experiments using 
filtrates obtained from the nasal secretions of individuals suffering from 
colds. However, the following workers, Schmidt (9), Williams and 
her co-workers (10), Branham and Hall (11) and Robertson and 
Groves (12) failed in their efforts to confirm these results. In general 
the method used by these workers has been the intranasal inoculation 
of human volunteers. 

In view of the difficult}’’ of securing appropriate human subjects 
and particularly of effectively quarantining them, it was felt that 
animals would be far more satisfactory for transmission experiments. 
In searching about for such suitable animals it was learned that 
anthropoid apes Avere supposed to catch colds. Accordingly, curators 
of zoological gardens, and dealers and workers AAith these animals 
were sought out for confirmation of this report. It was found very 
soon that all workers ■with the higher apes were unanimously of the 
opinion that these animals readily caught colds from human beings 
similarly afflicted, and further that these colds were more or less similar 
clinically to those observed in man. 

I. SititabilUy of Chimpanzees for Experimental Work in Upper 
Respiratory Infections 

Having satisfied ourselves ’ndth respect to the probable suitability 
of the anthropoids for our purposes, we began acquiring chimpanzees. 
Young animals, aged 2 to 4 years and weighing from 15 to 30 pounds 
were chosen. In general, at these ages, the animals are quite gentle 
and wnth kindly training very rapidly become most cooperative. In 
the course of the first year’s work we were able to collect suitable 
chimpanzees to the number of six. At the end of the first year the 
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colony numbered eight and during the last year two more animals, 
have been added. 

The animals have been kept in cages in rooms where a constant temperature of 
approximatdy 80°F. has been maintained by thermostatic control. They have 
been protected very carefully from contact with outsiders and all workers have 
been required to wear masks upon entering. WTien the animals have been used for 
transmission experiments they have been transferred from the stock room to special 
quarantine rooms where extreme precautions have been taken to exclude all possi- 
ble infection from without. In general, everything entering the rooms including 
most of the food is sterilized. All workers wear sterile gowns, masks, caps and 
rubber gloves. That this sj’stem is quite effective has been shown b 3 ' the fact 
that no accidental infection has ever occurred among the quarantined animab 
although there have been many such spontaneous infections among the animals 
in the stock room. 

General Obsercalions on SttscepiibtlUy of Chimpanzees to Colds . — 
Very early in our work we learned to our sorrow tbe truth of the reports 
regarding the susceptibility of the anthropoids to h uma n upper 
respiratory infection. VTiile our animal quarters were stUl in process 
of construction one of the first two chimpanzees acquired by us, while 
boarding at the animal dealer’s, caught a cold from his keeper. The 
infection went over to what appeared to be a pneumonia and the 
animal finally succumbed. Post mortem examination showed bron- 
chopneumonia and from the lungs there were recovered hemolytic 
streptococci, Pfeiffer’s badllus, B. alkaligenes and a Gram-negative 
anaerobic filter passer. 

Since that time we have had abimdant opportunity to observe the 
readiness with which these animals catch colds from human beings 
afflicted with these infections. When the men handling the am'malg 
have had colds the apes in the stock room frequently have contracted 
the infection even though the men have always worn masks. Colds 
of this type also spread rapidly from ape to ape. Such spontaneous 
infections have never occurred in the quarantine rooms as noted above, 
as in addition to the precautions already mentioned rigorous exclusion 
of workers tvith colds has been maintained. 

When a chimpanzee catches a cold, the clinical picture presented is 
very similar to that observed in a human child. 
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At first tliere is a small amount of glairj- mucus in the nostrils. By tlie end of 
the first day the animal usuall}' appears quite sick, lassitude being fairly striking. 
The eyes are puffy and drooping, there is a moderate to profuse nasal discharge of 
thin mucus which runs down over Uic upper lip; there is definite nasal obstruction 
which makes it difficult for the animal to take liquid food and the breathing 
becomes audible. There is occasional sneezing and cough. The appetite is 
usualljf moderateh' impaired, rarely there has been diarrhea. Usually there is 
no elevation of temperature. By the second or third day tlie nasal discharge 
becomes mucopurulent. The throat at times has appeared inflamed. By the 
fourth or fifth day the animal is usualb'" much better and the discliarge and nasal 
obstruction become much less. Rccoverj' is usually complete in a week to 10 days. 
Occasionally tliere is a persistence of cough for several da\'s resembling the bron- 
cliitis so frequently noted as a complication of colds. Occasional!}', also, there 
has been a persistence of purulent nasal discharge, for days or weeks, suggesting a 
chronic paranasal sinusitis; this has been particularly true of one of the animals 
which has a large pol 3 ’poid growth in the posterior naso-pharjm-v. 

Of considerable interest to us have been the findings with respect to 
the animals’ apparent immunity succeeding colds. Rarely have they 
been given or have they caught colds in less tlian 3 montlis after 
having a previous infection, and in most cases the interval between 
infections has been longer. This has suggested the possibility that 
there is a period of insusceptibilit}'' or of immunity of 3 or 4 months’ 
duration, in these animals, succeeding colds. As a result of these 
findings we no longer attempt transmission experiments during the 3 
or 4 months that follow a cold, as a negative result would be of little 
significance. One important exception to the foregoing has been 
noted. In December, 1928, three of our animals acquired acute 
upper respiratory infections 3 or 4 weeks after having had colds. 
Clinically, however, these infections closely resembled the influenzal 
type whicli was then epidemic and from winch our animal men were 
suffering. Although ver}^ slight, this evidence points to the assump- 
tion that influenza and the common cold are separate entities. 

The Bacterial Flora of the U pper Respiratory Tracts of Chimpanzees. 
Soon after acquiring the apes a study was commenced to determine the 
bacterial content of their noses and throats. Swab cultures were 
taken from tlie nose and posterior naso-pharynx and were plated upon 
fresh rabbit’s blood agar. The percentage incidence of the bacteria 
present in health is shovsm in Table I. For comparison we have 
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included in the table our earlier finds, 1924-25, in the case of man (1) ; 
the cultural methods used were the same in both cases (Table I). 

It ^villbe noted that the bacteria of the throat are surprisingly simi- 
lar in man and ape. The usual basic organisms, non-hemol}'tic strep- 
tococci and Gram-negative cocci are identical in incidence. B. 
pfeifferi and hemolytic streptococci are higher in the ape than in man. 
B. coli appears in the ape flora as a result of the habits of the animal. 
Other differences are of slight degree only. 

In the nasal cultures, staphylococci which are usually the pre- 
dominating organisms in man are the same in incidence in the ape. 


TABLE I 

Comparison of Percenlage Incidence of Bacteria in Noses and Throats of Normal 
Chimpanzees and Humans 
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Diphtheroids, ver>’' characteristic of the human nasal flora, are rather ' 
lower in percentage incidence in the ape. Strepto-bacilli seem to be 
pecuhar to the ape and outside of the accidentally present B. coli seem 
to constitute the only qualitative bacterial difference. The higher 
percentage in the noses of apes of certain organisms such as Gram- 
negative cocci, non-hemolytic streptococci, B. pfeifferi, etc., which 
are usually regularly present in the throats of both man and ape are 
probably due to anatomical differences. 

Gram-negative, filter-passing anaerobes also have been cultivated 
from nasal washings obtained from apes. Careful study of the inci- 
dence of these organisms has not been attempted because of the 
difliculty of securing washings. 
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Summarizing; (1) Chimpanzees arc susceptible to colds when ex- 
posed to such infections in humans. (2) The clinical manifestations 
noted when the animals catch cold closely resemble those seen in man. 
(3) The bacterial flora of the nose and throat of these animals is very 
similar to that of man. 

From the foregoing it seems clear that chimpanzees are suitable 
animals for the experimental transmission of colds. 

II. Transmission Experiments with Chimpanzees 

Haxdng assured ourselves of the suitability of chimpanzees for our 
purposes we proceeded with attempts to transmit colds from human 
sufferers to apes by means of filtered nasal washings. 

Methods . — Animals to be used were placed in the strict quarantine described 
above and were held there for several days before being used. This was done for 
the purpose of testing the efficiency of the isolation and for the e.xclusion of possible 
latent respiratory infection. 

At the conclusion of this period of preliminary observation, which lasted 5 daj's 
or longer, individuals suffering from suitable colds were sought out. The tjTpe of 
cold selected was one of not more than 24 hours’ duration and of moderate severity. 
A special effort was made to exclude colds that did not conform strictly to the 
classical clinical tj'pes, such, for example, as the so-called "grippy” varieties in 
which fever of other constitutional symptoms were manifest. 

Nasal washings were obtained from the subjects with colds by gently running 
slightly warmed stock buffered broth (pH, 7.6) into their nostrils (5 to 10 cc. per 
side) and thence out through the mouth; 10 to 20 cc. of the broth was next gargled 
and added to the nasal washing. The material thus collected was shaken vigor- 
ously together with glass beads to break up the clumps of mucus. It was then 
passed through a Berkefeld V candle. The unfiltered material was cultured 
aerobically upon blood plates. The filtrate was cultured aerobically and anae- 
robically upon blood agar plates and blood broth and in the Smith-Noguchi 
medium to determine its sterility and the presence of filter-passing anaerobes. 
Further, as a control measure, 0.25 cc. of filtrate was injected intracerebrally or 
intracisternaUy in rabbits to exclude the presence of herpes virus. 

As soon as possible after the filtration of the nasal washings, 1 cc. of the filtrate 
was injected with careful aseptic precautions into each nostril of the quarantined 
chimpanzees. For each experiment it was customary for us to collect two nasal 
washings at intervals of a few hours and to make two intranasal inoculations m 
each experimental animal with the filtrates obtained from these. The time 
elapsing between the collection of each washing and its injection into the ape was 
Usually less than 1 hour. 
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Results . — ^In the chimpanzee experiments performed during the last 
2 years we have had 44 per cent of successful transmissions by means 
of filtrates. A summary of these appears later. In positive experi- 
ments, the first symptoms of the cold have appeared within 36 to 48 
hours following inocxdation. A typical successful transmission experi- 
ment is shown in Fig. 1. On this chart appear both the clinical and 
bacteriological findings. The time of inoculation, the incubation 
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Fig. 1. Chart showing development of s>’inptoms in an experimental cold after 
intranasal inoculation of a chimpanzee with filtered nasal washings from a human 
cold. The bacterial flora in nose and throat before, during, and after is shown 
graphically. Solid circles indicate predominating organism, blank circle the next 
most numerous, plus signs indicate the remainder. 


period and the sequence of symptoms are shown graphically in the 
upper portion and are self-explanatory. 

On the lower half of the chart are recorded the bacterial findings and 
these are of considerable interest. It will be noted that coincident 
with the initiation of cold symptoms there is a definite alteration in the 
flora. This is most striking in the nose cultures, where pneumococci 
(Type IV) have become the predominating organism, and B. pfeifferi 
has become conspicuous. In the throat cultures, pneumococci sud- 
denly appear. 

Alterations of this type, in which pneumococci have suddenly ap- 
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peared in the nose and throat cultures, or where B. pfci£cri and 
occasionally hemolytic streptococci have spread to the nose at the 
start of colds, have been present almost always in both the induced 
and the accidental infections in apes. In our studies of the flora in 
humans both in our previous, and the present work, we have not 
observed this phenomenon. The contrast between the slight qualita- 
tive changes in man and the striking alteration in the ape is shown in 
Table II. 


TABLE II 


Comparison of Percentage Incidence of Bacteria in Noses and Throats of Chimpanzees 
(a) during Normal Periods and (b) in the Course of Colds 
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Early in the course of the work control experiments were begun, 
intranasal inoculations of plain broth and of heated filtrate being used. 
These were soon given up as it was believed that filtered nasal wash- 
ings from normal individuals who were free from respiratory infection 
would be more suitable for control purposes. In order to reduce the 
likelihood of including carriers of the active agent, as sources of normal 
nasal washings, the summer months were selected for tliis group of 
experiments, colds being at a minimum in this season. 

The animals were quarantined in the usual manner and after the customaO’^ 
preliminary period of observation they were inoculated with the filtered nasal 
washings, the same procedure which had been used for the transmission experi- 
ments being carefully followed throughout. As a source of the normal nasal 
washings health)’' individuals who had had no colds or sequelae for at least 3 or 




























. A. R. DOCHEZ, G. S. SHIBLEY, AND K. C. MILLS 


709 


4 months and who had had no known recent exposure to current colds were used. 
Eight experiments were done in all. 

Following these inoculations no change in the health 'of the animals 
was observed. There was an entire absence of even small amounts of 
nasal mucous discharge and no constitutional manifestations whatever 
were observed. In marked contrast with the characteristic alterations 
in the bacterial flora of the noses and throats of animals suffering from 
experimental or spontaneous colds, no changes were noted in these 
control animals. 

The filtered nasal washings, obtained from individuals with colds 
and used to transmit these infections to apes, contained Gram-nega- 
tive filter-passing anaerobes in a high proportion of cases. This is as 
it should be, if, as we believe, these organisms constitute part of the 
basic flora of the nose and throat. The fact that these organisms were 
present in 75 per cent of the control (normal) filtrates, which caused 
no symptoms whatever in the animals inoculated, provides further 
e'ndence that they have very doubtful etiolo^cal significance in colds. 
It is true that their incidence in the filtrates has been higher (86 per 
cent) in the positive experiments than in the negative (55 per cent). 
However these figures were reversed in our previous studies (2), and, 
as will be pointed out below, the organisms were present in equal 
proportions (100 per cent) in both our negative and positive human 
transmission experiments. That certain specific types, occurring in 
this extremely heterogeneous group of organisms may be found to 
possess etiological significance is not impossible. So far we have no 
evidence in support of this assumption. 

In the course of the present work, 36 ape experiments have been 
completed. These may be divided into two groups. First, 28 experi- 
ments concerned directly with the testing of the hypothesis that colds 
may be caused by filtrable agents, and second, 8 miscellaneous 
experiments. 

In the first group washings from individuals with colds were used in 
20 instances and normal washings in 8. Of the former, 4 animals were 
excluded for statistical purposes for reasons given below. Of the 
remaining 16 animals, 7 contracted colds, 1 at>q>ical; this represents 
a 44 per cent incidence of successful transmissions. The four experi- 
ments referred to above were not included because the inoculations 
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were made in animals just purchased which had recently suffered from 
respiratory infections. This has been done in the light of our present 
recognition of the post-cold insusceptibility referred to above. All 
eight of the control experiments, as noted above, were completely 
negative. 

In the miscellaneous group, one was an experiment done with un- 
filtered nasal washings. It w^as positive. Tw^o w'ere ape to ape 
experiments, in which filtered ape washings \vere used. They were 
both positive. In order to determine the viability of the active agent 
three experiments were done with filtrates which had been stored in 
the ice-box 2 to 7 days. These W’ere ail negative. The remaining two 
experiments were done with living cultures of the filter-passing anae- 
robes obtained from a filtrate which had been used in a successful 
transmission experiment, these were both negative. 

Finally, it is of importance to call attention to the following. On 
several occasions apes were in the quarantine room with others which 
were being used for transmission experiments. Several times when 
the latter had acquired ex-perimental colds, the uninoculated animals 
contracted the infection in 3 or 4 days, presumably as a result of 
contact. 


III. Transmission Experiments in Man 

Having to our satisfaction worked out the above described effective 
quarantine technique for carr3dng out transmission experiments with 
apes, we considered it desirable to apply the same methods to man. 
We felt further that if we should utilize this rigorous isolation technique 
with man we could meet the usual criticism directed against human 
transmission experiments, as previously performed, without such strict 
quarantine. 

Methods . — ^Human volunteers were secured through the employment bureau of 
the Hospital. Young adults who stated that they had had no colds or other 
respiratory infections in recent months and who had never had sinus complications 
or pneumonia were chosen. Reasonable intelligence and familiarity with the 
English language were also stressed in the selection of the volunteers. 

The subjects were given a bath and were put into hospital clothes which had 
been autoclaved. They were placed immediately in an isolation room. ' They 
were not permitted to leave this room before the completion of the experiment. 
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The room had been previously cleaned with 2 per cent ly^ol solution and then 
aired for 24 hours. Everj’thing in the room, including linen, toilet articles, occu- 
pational therapy material, with which the subjects whiled away their time, reading 
matter, etc,, was carefully sterilized. Food entering the room was sterilized 
wherever possible. 

The volunteers were attended by graduate nurses who were thoroughly versed 
in the prindples of aseptic surgical technique and who always wore cap, gown, 
mask and rubber gloves upon entering the isolation room, and who used every 
precaution to prevent the possibility of entrance of infection from outside. Fur- 
ther, the visits of both nurses and workers were reduced to a minim u m . 

Upon entering quarantine the subjects were given a thorough physical esamina- 
tion, and a study, bj' daily culture, was begxm of the flora of their noses and 
throats. In addition their sputum was tested by the mouse injection method for 
the presence of pneumocoed. This was done as the finding of fixed types of these 
organisms was considered to be a contraindication to the use of the individual for 
inoculation. 

As in the case of the apes, these human subjects were held for 5 days or more 
for preliminary observation, this being done to test the efficacy of the isolation and 
to exclude entrance during possible incubation of an upper respiratory’ infection. 

At the termination of this period of observation, if the volunteer proved satis- 
factory, suitable colds were selected, washings obtained and filtered, and intra- 
nasal inoculation carried out in themaimerdescribed above for the ape experiments. 
For injection of the filtrate the subject was placed in the dorsal position for 2 to 3 
minutes and then was turned over on his face for 1 minute. 

Results . — ^Altogether 11 men were used in succession for this form of 
experiment. Two of the experiments were not completed. One 
because the attendant nurse contracted a cold just at the end of the 
preliminary period of observation and the other because the subject 
was found to be a carrier of Type III pneumococcus. 

Of the 9 completed experiments 4 were positive. This represents 
a 44 per cent incidence of successful transmissions, a percentage inci- 
dence which is practically identical with that obtained in the work with 
anthropoids. A brief description of these colds will be given below. 
Before proceeding to do tins, attention should be called to certain 
aspects of this type of experiment which are worthy of emphasis. 

It is very easy for an individual who is being used for a transmission 
experiment to believe that he has a mild cold although objective 
evidence is extremely slight or absent. WTiere, as in the beginning of 
our work, volunteers believed that we were trying to produce colds, 
they were self-convinced occasionally that they were suffering from a 
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mild infection. Tins was much easier of belief as the filtrate in 
practically all tlie cases, negative and positive, causes some slight 
stufliness of the nose, a little sneezing and occasionally slight headache. 

Very early in the work we recognized this willingness of our subjects 
to oblige us and began taking measure to avoid tins source of error. 
By various ruses, as nasal injections of sterile broth, collection of nasal 
w^ashings for culture and equivocal statements, we w^ere enabled to 
keep tlie subjects in ignorance. In certain instances, w'here the 
intelligence of the subjects was commensurate, we sought their direct 
cooperation. 

A further help in ruling out error was dependence upon concrete 
objective findings. Such signs and s 3 ’-mptoms as injection of the 
. conjunctivae, profuse nasal discharge, muco-purulent post-nasal 
discharge, frank inflammation of the pharynx with Ijonphatic h}q)er- 
plasia, continuous cough, etc., w^ere considered indispensable for the 
interpretation of a result as positive. 

Case H 4 is worthy of note as an example in this connection. 

It was apparent very early that this individual was more or less unreliable and 
from the start it was possible to keep him in the dark regarding our procedure. 
He had inconspicuous sjTnptoms after his test injection of sterile broth and no 
more striking results from tlie cold filtrate, until an assistant, on the second day 
after injection, inadvertentl}" referred to his failure to contract a cold. That 
evening and night the subject reported severe sjTnptomatologj', including sneez- 
ing, cough, sore throat and stuffiness of the nose. The ne.xt morm'ng he was told 
that he had been misinformed in regard to the nature of the filtrate and his sjanp- 
toms subsided within the hour. It is important to note that there was an entire 
absence of objective pathological changes. 

The 4 experimental colds that occurred in this group of 9 attempted 
transmissions, appeared in Cases 1, 3, 5 and 9 of the series. The 
incubation period in aU cases w^as 24 hours or less. The first and third 
of these are shown in graphic fashion in Figs. 2 and 3. 

Fig. 2 shows the 5 day period of preliminary obsen^ation, the time of inoculation 
and the appearance of symptoms after a little over 12 hours. The cold was a 
rather severe one, was much better on the fifth and sbcth days (as shown on the 
chart) and then became considerably worse 2 days after release from quarantine. 
This finding will be referred to below. The bacteriological observations are shown 
on the lower half of the figure. At the onset and during the course of the cold 
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filtrate: 
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ged throat 
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■h 

-U 

■i- + 

-hr -Hf 4+ -f- 
-W- -iff- -h -1- 
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4 + + 4- 

+ 

■iV -4 

4 4-}- + 
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o • o • • 

+ + 

+• + 

+ 4- 

• • o o 
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Fig. 2. Experimeatal cold in man, stowing clinical and bacteriological develop- 
ment. Symbols as in Fig. 1. 
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Fig. 3. Experimental cold in man, stowing results of preliminary sterile broth 
inoculation. SjTnbols as inFig. 1. 
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tliere is no essential change in the characteristic flora of the nose and throat. The 
presence of pneumococci (IV) in tlie period of preliminary observation is probably 
\Yitliout significance as ^Ye have observed tliis both in our normal studies and in 
the present experiments where results have been negative. 

Fig. 3 shows a rather different type of cold. The sj-mptoms of rhinitis and 
coryza were mild while the pharjmgeal ones were quite conspicuous. The follow- 
ing is of much interest in this particular instance. WTiile one of us was collecting 
the nasal washing for this case the patient coughed vigorously directly in worker’s 
face. 2 days later, a few hours after the onset of the experimental cold this worker 
came down w'ith an infection which was very similar, especially with respect to 
die comparatively negligible nasal sjuuptoms. This figure shows also a tj^iical 
result when sterile broth is injected as a preliminary step. Shght stuffiness of 
the nose and headache and a little sneezing appeared. These had completely 
subsided by the third day and the subject was quite free of symptoms when he 
received the cold filtrate. It will be noted again that there are no changes of 
importance in the bacterial flora. 

Of the remaining two colds, one was a mild one in which sore throat, 
laryngitis and cough ivith moderate amounts of sputum, were con- 
spicuous. The other was a simple uncomplicated mild cold. In these 
colds also no significant alterations in the bacterial flora, incident to 
the infections, were noted. 

Of much interest to us has been the sequence of events in two of the 
three colds which we have been able to follow after release from isola- 
tion. In both these there was a definite exacerbation of the infection a 
day or two after leaving. Tliis has been considered to be the probable 
result of protection from exposure to transient potential secondary 
invaders provided by the quarantine. The indiiddual upon leawng 
again is accessible to such potential pathogens which become active 
upon the substrate of the experimental cold. In the light of the above, 
the volunteer who acquired the last experimental cold and who was the 
third of those whom we were able to follow was advised to stay away 
from crowds for a few days after being discharged. It is interesting 
but not necessarily significant that he had no recrudescence of his 
symptoms. 

As noted above, filter-passing anaerobes were present in all cold 
filtrates used in these experiments irrespective of their outcome. 
Further, their type distribution was approximately the same in filtrates 
resulting in both positive and negative transmission experiments. 
This observation does not preclude the possibility that these organisms 
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play a part in the causation of colds, but it does constitute another link 
in the chain of evidence against this probability. Further studies 
directed toward more precise determination of the possible relationship 
of these organisms to colds are being pursued.* 

DiscxrssiON 

Three points seem to be worthy of especial emphasis. 

1. Chimpanzees would seem to be, from the foregoing, unusually 
satisfactory animals for use in the study of infection of the human 
upper respiratory tract. ’i\Tien they contract these infections, the 
clinical picture they present is strikingly similar to that observed in 
man. This taken together with the fact that their bacteriological 
flora is essentially like that of man and that they are dosdy related 
biologically to man suggests that their pathological and immunological 
response to bacteria pathogenic for the human upper respiratory tract 
may be sufficiently similar to make them the ideal experimental animal 
for this type of study. The tractability and cooperativeness of the 
chimpanzees makes them still more desirable. When well cared for 
they seem to keep in good health for long periods of time. 

2. Colds may be transmitted to man and chimpanzee by intra- 
nasal inocffiation of filtered nasal washings. These filtrates usually 
can be shown to contain anaerobic filter-passers of the type first de- 
scribed by Olitsky and Gates. However, our evidence so far points to 
the probably non-pathogenidty of these organisms for man. That 
specific types in this group may be shown later to play a part in causing 
colds has been pointed out above. If, however, as seems most proba- 
ble at present, proof of this is not forthcoming, it follows that the active 
agent present in these filtrates, by means of which we have been able to 
transmit colds, is a true submicroscopic virus. 

3. The sudden and plentiful appearance of pneumococci in the 
noses and throats of the chimpanzees in the course of colds has been 
most striking. The nature of this response is difficult of interpreta- 
tion. There is little doubt that these organisms have been present 

* Since this article was written the number of experimental colds transmitted 
by filtered nasal washings from which filter-passing Gram-negative anaerobes 
have been absent has increased so that it is now certain that colds can be 
transmitted by bacteria-free filtrates from the sources described. 
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before the infection, spontaneous or experimental, of the animal. 
They have been noted often in small numbers at various intervals in 
the throats of the animals and might well be shown to be regularly 
present by the mouse injection method. We have felt that their 
prominence may well be the result of multiplication and spread upon 
a substrate of primary injury due to the filtrable agent or that there 
may be some sort of activation of these potential pathogens by this 
agent. A like explanation may be offered for the spread to the nose of 
B. pfeijferi and hemolytic streptococci. 

CONCLUSIONS 

1. Chimpanzees are highly suitable animals for the experimental 
study of human upper respiratory infections, 

2. Human colds have been successfully transmitted to apes and 
human volunteers in 44 per cent of instances tried by means of filtered 
nasal washings obtained from colds. 

3. Certain types of infectious colds are caused by a filtrable agent. 
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School, Baltimore) 
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In alcoholic solution, the normal tissue lipoids used as “antigen” in 
the serum-diagnosis of syphilis are probably molecularl}’’ dispersed. 
Upon dilution with water, however, there is a marked aggregation of 
the lipoid molecules. The originally transparent solution becomes 
opalescent, gives a Tyndall phenomenon, and by darkfield examination, 
innumerable highly retractile lipoid particles in active Brownian motion 
can be seen. Their average size, the number visible, and therefore 
the degree of opalescence, depend upon the method of admixture of 
the two liquids (Sachs and Rondoni, 1909). 

If, to a diluted antigen in which all these microscopically visible 
particles are discrete, one adds sj'philitic serum, there is, as Jacobsthal 
(1911) observed, a rapid clumping of the apparently unchanged lipoid 
micellae into coherent aggregates. Depending upon the concentration 
of the reagents, the temperature, time of incubation, etc., these aggre- 
gates may or may not exceed the limits of colloidal stability to form 
the optically visible “precipitate” first noted by Michaelis (1907) . As 
he predicted, this precipitation phenomenon has found wide-spread 
diagnostic appheation. The Sachs-Georgi and Kahn precipitation 
tests, the Vemes flocculation reaction, the Murata test, the Sigma 
reaction, the Meinicke-Triibimgs, Meinicke-Klarungs, and Miiller- 
BaUungs reactions, and the Hinton agglutination reaction are all 
basically the same. The lipoid antigen, modified by the addition 
of tolu balsam, cholesterol, glycerol, NaCl, etc., forms a more or less 
stable “solution” (suspension) in normal serum; but in syphilitic 
senun there is a visible aggregation. 

* Aided by a grant from the Committee on Research in Sj'philis, Inc. 
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. The causes of this aggregation and the optimal conditions for its 
production are the subjects of the present paper. 

I. Surface Properties of the Lipoid Antigen 

Colloids in general are divided more or less arbitrarily into two heterogeneous 
groups, between which there is no sharp distinction, but which, at the extremes, 
are quite characteristic (Svedberg, 1924) : hydrophobic, with no affinity to water, 
and therefore readily flocculated by electrolytes (gold sol; Fe 203 sol), and hydro- 
philic (proteins; glycogen). 

The lipoid antigen in alcoholic solution is probably molecularly dis- 
persed. Diluted with water, however, the molecules aggregate to 
form a colloidal suspension, the properties of which are intermediate 
between those of the hydrophobic and hydrophilic classes. The col- 
loidally dispersed lipoid is amphoteric, flocculating at its isoelectric 
point, pH 1.9 (Fig. 3), but relatively stable at more alkaline reactions. 
Thus, at pH 6.0 (Figs. 1 and 2) it requires about 1 N concentration of 
univalent cations to cause aggregation of the dilute sol (0.04 per cent), 
and, as usually found with negativel)’- charged particles, about 1/40 as 
much of bivalent cations (BaCb). The critical potential, the minimum 
compatible with stability, is 2 to 5 millivolts, much lower than that of 
most hydrophobic colloids, and strongly suggesting some other factor 
making for stability, analogous to hydrophilic colloids. 

Protocol 1 

The procedure followed in the preparation of a concentrated antigen was in 
essential details that used by Kahn (1925). 250 gm. of dehydrated powdered 
beef heart were shaken for 10 minutes with 1000 cc. ether, the filtrate discarded 
and the process repeated twice again with the residue. The dry powder remain- 
ing was weighed, and extracted for 3 days with 95 per cent ethyl alcohol (5 cc. 
per gram). Cholesterin is added to the pale yellow filtrate to any desired con- 
centration. 

5 cc. of antigen containing 1.5 per cent of beef heart lipoid and 0.2 per cent of 
added cholesterin were shaken with 5 cc. of NaCl n/7, and the suspension centri- 
fuged. The sediment is shaken up in 10 cc. HoO, forming a suspension containing 
appro.ximately 0.7 per cent lipoid, varying quantities of which are dropped into 
electrolytes of various concentration. The pH is kept within an approximate 
range by phosphate buffers (final concentration m/300), the exact value being 
determined potentiometrically. The total volume is brought up to 4 cc. with 
H;0, the tubes shaken, and flocculation read after 24 hours at room temperature. 
The data are summarized in Figs. 1 and 2. 
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One other point should be mentioned here, which will be referred to 
again in another connection. The concentration of electrolyses neces- 
sary to produce flocculation (coagulation value) is not a fixed quanti^’’, 
an intrinsic property of the given colloid, but varies markedly with the 
concentration of the sol. As seen in Table I and Fig. 2, the more 
particles per unit volume, the less stable is the suspension. A smaller 
concentration of electrolyte suffices to produce aggregation; and the 


= Stable 

= Complete Flocculation in 24 Hours 



Molarity 

Fig. 1. Effect of electrolj'tes upon electrokinetic potential and stability of 
lipoid sol (0.04 per cent) at pH 6.0. 

surface charge necessary to keep the particles dispersed and thus en- 
sure stabiflty becomes progressively higher. The theoretical consid- 
erations involved are discussed by Freundlich (1922). 

7T. The Effect of Normal Serum upon the Lipoid Antigen 

Serum proteins in solution are, of course, highly hydrophilic. When 
adsorbed at the surface of a heterogeneous phase, however, they may 
act in either of two diametrically opposed senses, depending up>on the 
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nature of the absorbent. They may retain their hydrophilic properties 
and form a protective film around a hydrophobic particle, preventing 
its flocculation by electrolytes: or they may become denatured when 
adsorbed, lose tlieir hydrophilic properties, and become instead water- 
insoluble, hydrophobic; they then sensitize the adsorbing particle, 
making it even more susceptible to flocculation by electrolytes. 

The nature of this denaturation is not clearly known; full discussions 
are to be* found elsewhere (Freundlich, 1922, 1924). The point of 
interest is that serum globulin, when adsorbed by a colloidally dis- 
persed heterogeneous phase, may form eitlier a protective or sensitizing 


TABLE I 

Effect of Increasing Concentration of Lipoid Sol {Antigen) upon Its Stability and 

Coagulation Value (Fig. I) 


NaCI, normality. 

0.1 

0.2 

0.4 

0.8 

1.6 

Concentration of lipoid in sol: 
0.002 per cent 

0 

0 

0 

0 

2 

0.008 per cent 

0 

0 

0 

1 

2 

0.032 per cent 

0 

0 

0 

3 

4 

0.128 per cent 

1 

1 

3 

4 

4 

0.512 per cent 

3 

3 

4 

4 

4 


Figures in body of table indicate agglutination after 24 hours. 

4 — complete, with clear fluid. 

3, 2, 1 — degrees of aggregation. 

0 — no optically visible aggregates. 

film, depending upon the nature of tlie adsorbent, the determining 
factors being unknown. 

When the lipoid antigen is added to normal serum, one can demon- 
strate a remarkabl}’- avid adsorption of the serum protein by tlie par- 
ticles of the colloidally dispersed lipoid. 

Protocol 2 

5 cc. of antigen were shaken with 5 cc. of NaCl n/ 7 , the suspension centrifuged 
to remove the alcohol, and resuspended to 10 cc. in H 2 O. Series of tubes were set 
up similar to those outlined in Tables II and III, differing only in the concentration 
of normal, i.c., Wassermann and Kahn negative serum. Cataphoretic velocities 
were measured in the simple IMichaelis (1926) chamber, care being taken to make 
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readings one-fifth of the distance from the top and bottom of the chamber to avoid 
endosmotic currents, and in both directions to counteract drifts due to gravitj'. 
The values given for the velocity in the tables and in the figures were obtained 
by measuring the time required for the particle to pass between two points on an 
ocular-micrometer scale. The absolute values of this velocity of the electrokinetic 
potential it implies (see note to Tables II and HI) have only a qualitative sig- 
nificance, the important factor being the isoelectric point, the hydrogen ion con- 
centration at which the charge on the particle changes sign (equal ionization as 
acid and base), and at which there is therefore no movement in an electrical field. 

0—0—0 = NaCI 



Fig. 2. ESect of concentration of lipoid upon its stability (pH 7.4). 


Hydrogen ion concentrations were determined with the quinhydrone electrode, 
the error being ±0.05 pH. 

The solid lines in all the figures indicate zones of flocculation, uniformly corres- 
ponding to zones of minim al potential; signs indicate a particle positively 
charged towards the water, migrating to the cathode in an electrical field, while — 
signs imply a negative electrokinetic potential. 

A. Isoeleclric Point . — ^As little as 1:4000 serum 1:50,000 pro- 
tein) suffices to alter the surface properties of the lipoid particles 
sigmficantly. The zone of optimal flocculation, coinciding with the 
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cataphoretic isoelectric point, sliifts from pH 1.9 ±, that of the lipoid 
antigen particles, towards a more alkaline reaction, the degree of shift 
depending upon the concentration of serum protein. It is significant 
that the maximum change is to pH 4.9, midway between the iso- 
electric points of serum albumen and serum globulin; the particle is 
then completely covered with protein, and has the same surface 
properties. With less serum, however, the amount of protein ad- 
sorbed does not suffice to cover the cell; the charge and the isoelec- 



0 I 2 3 4 5 6 pH 

Fig. 3. Effect of normal serum upon cataphoresis of the antigen particles. 


trie point, determined as they are by a mosaic of protein and lipoid, 
therefore have some intermediate value, the exact value of which de- 
pends upon the proportions of the two types of surface. This is more 
clearly shown in Fig. 4. 

In addition to affecting the isoelectric point, this adsorbed normal 
serum protein changes the surface charge (and cataphoretic velocity) 
of the antigen at all reactions, corresponding to a change from a surface 
of lecithin to one of serum protein, the degree of shift again depending 
upon the extent of the adsorbed film. 



TABLE n 


Effecl of pn upon Surface Properties of the Lipoid Antigen in Absence of Serum 

(Fig. 3, Curve 0—©) 


HD, n/1, cc 


1.0 

0.25 

0.062 

0,05 





“ n / 100 ,cc 






1.6 

0.4 

0.1 

0.025 

HsO, cc 


2.8 

3.55 

3.75 

3.75 

2.2 

3.4 

3.7 

3.8 

Antigen suspension, cc. . . 


0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

pH 

<1 

<1 

1.35 

1.86 


2.51 

3.14 

3.8 

4.56 

Cataphoretic velocity 










cm. per (volt per cm.) 










per sec. X 10“® 

<1 

+1 

-{-3.6 

-fl.4 

-3 

-16 

-40 

>-80 

o 

00 

A 

Surface charge* milli- 










volts 

<+l 

-i-1.3 

-h4.7 

-M.8 

-4 


-52 



Agglutination in 2 hours. 


0 1 

- 1 - 

-h-h-f-h 

t ! I 

0 

0 

0 1 

1 ® 


TABLE m 

Effect of pH upon Surface Properties of the Lipoid Antigen in 1:1000 Normal Serum 

(Fig. J, X — X Curve) 


HCl, K I/IQ, 

cc 

HQ, N 1/100, 

cc 

Ha N 1/1000, 

cc 

H50 

Antigen, sus- 
pension 
1:100 serum.. 

pH 

Cataphoretic 
velocity cm. 
per volt per 
cm. sec. X 

10-i 

ElectroHnetic 
potential,* 
millivolts. . . . 
Macroscopic 
agglutina- 
tion in 2 
hours 


1 

1 

3.2 

0.8 


0.2 

0.1 

0.8 

0.4 

0.2 

3.2 


1.3 

3.7 


4.3 

4.4 

3.7 

4.1 

4.3 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

1.64 

1.93 

2.21 

2.88 

3.23 

3.88 

4.38 

4.6 

5.14 

5.4 

-f2.5 

-1-10 

-f22.4 

-f-29.1 

-{-21.3 

-i-10.3 

-32 

-48 

>-80 

>-80 

-1-3 

-1-13 

-i-27 

-h38 

-f28 

-1-11.4 

-39 

-62.4 

>-100 

>-100 

0 

0 

0 

0 

0 


J ! L 


n 

n 




1 * t 


u 

U 


-f = Positive charge; migration to cathode. 

— = Negative charge; migration to anode. 

* Electrokinetic potential (electrostatic units) = u 

KX 

4 X coeSdent of ^ds cosity 

dielectric constant X potential gradient (E.S.U.) ^ 

Potatriel (volte) . 300 f ij E . X (23-C.) 1 ^ 

cm. per sec. X 300 

= 13 X velocity per volt per cm. per sec. 
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Protocol 3 

To each of a series of tubes were added 0.2 cc. of phosphate buffer (m/15) at pH 
7.4, varying quantities of serum, and HjO to 4 cc. A similar control series was 
prepared, containing varying quantities of NaCl 0.85 per cent instead of serum 
as in the first series. A washed suspension of antigen was added to each tube and 
cataphoretic velocity determined. The experimental data are summarized in 
Fig. 5. 


pH 



Serum Concentrofion 

Fig. 4. Isoelectric point of antigen particles in serum is determined by adsorbed 
serum protein. 

B. Flocculation . — Despite the fact that, as just shown, serum protein 
is strongly adsorbed by the lipoid antigen, there is no significant change 
in its stability, as determined by its tendency to flocculate. True, 
the isoelectric point, and therefore the range of optimum flocculation, 
shift towards that of the adsorbed protein : but away from this reaction 
the suspension is even more stable than before the addition of serum. 
The adsorbed protein remains hydrophilic, and acts as a film of pro- 
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n 



Concentration of Serum (or of NaCI 0 . 65 %) 


Fig. 5. Efiect oi nonnal sexum upon surface piopeities oi antigen at pH 7.4. 
Minutes 



HCI of decreasing concen+ration : pH determined 
Potentiometrically, 


Fig. 6. Effect of normal serum upon flocculating properties of antigen. 


Cataphoretic Potential, Millivolts. 
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tective colloid, preventing even the normal flocculation of antigen at 
its own isoelectric point (Fig. 6): while at serum reaction (pH 7.4) 
just as much electrolyte is required to cause flocculation in the presence 
of serum as in its complete absence. 

Possibly, at high electrolyte concentration (e.g., > m/2) the adsorption 
of normal serum protein is prevented, allowing the flocculation of the 
imcovered lipoid particle by electrolytes. At any rate, the critical 
potential and the coagulation value, and therefore stabihty, are not 
affected by normal serum. 

To summarize, normal serum protein is strongly adsorbed by the 
lipoid antigen,* forming a protective film of hydrophilic protein around 
the constituent particles, and adding to their stability away from their 
isoelectric point. 

III. Properties of the Lipoid in Syphilitic Serum 

When the antigen is placed in syphilitic serum, there is, of course, 
the same non-specific adsorption of normal serum protein. In addi- 
tion, however, it combines mth a specific component, so-called “reagin,” 
with a striking change in its surface properties. 

A. Composition of the Lipoid-Reagin Precipitate . — 

Like true antibodies, this “reagin” is always associated with the 
globulin fraction of serum protein (Kapsenberg, 1924) (Sahlmann, 
1922) (Gloor and Klinger, 1920). Such evidence as there is to the 
contrary (Felke, 1921; Skrop, 1923) has been vigorously discredited 
by Stern (1923). A priori, then, the precipitate should consist of the 
antigen plus the reagin-globulin with which it has combined. On 
this point, however, there is conflicting evidence. 

* This adsorption of normal serum protein at all reactions is in itself the strong- 
est evidence against the theory (Epstein and Paul, 1922) that sj^ihilitic reagin is 
a positively charged colloid, which combines with the negatively charged lipoid 
particle, with mutual discharge and precipitation. There is no experimental 
evidence for this theory (Bauer and Nyiri, 1921), (Stern, 1923, 1924); moreover, 
it fails to e.xplain why flocculation is not obtained when syphilitic serum is added 
to any negatively charged suspension. The fact that normal protein is adsorbed 
by lipoid even when both have the same charge (both negative at serum reaction) 
shows that one can not predicate opposite charges as the cause for the combina- 
tion of lipoid with reagin, and their subsequent flocculation. 
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Jacobsthal (1911) considered the aggregates to the lipoidal, as did Niederhog 
(1921), and Epstein and Paul (1921, 1922). Meinicke (1919), on the other hand, 
misled by his tvro-pbase reaction, considered the precipitate to be entirely proteid, 
disregarding the fact that microscopically one can see the aggregation of the lipoid 
particles. Following Georgi (1919), who showed that the precipitate is not com- 
pletely soluble in alcohol and ether, the exact anal>'ses of Klostermaim and Weis- 
bach (1921) indicate that about 20 per cent of the precipitate can not be redissolved 
in alcohol and ether, and that of the insoluble residue at least one half (10 per cent 
of the total) is serum globulin; whUe Scheer (1921) considers the globulin to con- 
stitute 36 to 60 per cent of the total precipitate. 

The following qualitative experiment shows clearly that the precipi- 
tate does consist chiefly (SO to 90 per cent) of the antigen lipoid, plus 
some specific component of sj'philitic serum with which it has com- 
bined, a substance known to be associated with the globulin fraction 
of serum, giving the routine tests for protein and which can therefore 
be called reagin-globulin. 


Protocol 4 

Preparation of Large Quantities of Anligen-Reagin Precipitate. — 5 cc. of the alco- 
holic extract containing 0.6 per cent cholesterin were mixed with 5 cc. of NaCl n/ 7 
and the white suspension thus obtained shaken for a few minutes with 100 cc. of 
strongly positive sj-philitic serum. After i hour at 56°C. and 24 hours at ice box 
temperature the suspension was diluted several times with saline in order to facili- 
tate sedimentation, and centrifuged at 2500 r.p.m. for 30 minutes. The sediment 
was washed twice in 250 cc. NaCl n/ 7, once in H^O and finally centrifuged in a 
graduated tube until its volume remained constant. 

Qualitative Analysis of the Precipitate. — A. known volume of sediment was 
extracted with 15 cc. of alcohol, then with 15 cc. of ether, and finally again with 
IS cc. of alcohol. The residual precipitate was centrifuged in a hematocrit tube 
until its volume remained constant. As seen in Table W, from 10 to 20 per cent 
by volume of the antigen-reagin precipitate is insoluble in alcohol and ether. 

The combined alcohol and ether extractions, representing 80 to 90 
per cent of the total precipitate, when evaporated to dryness and re- 
dissolved in alcohol, form as efficient an antigen as the original cho- 
lesterinized extract; the antigenic lipoids are carried down unchanged 
in the precipitate. The 10 to 20 per cent residue is insoluble in water 
and saline; but since it contains if, and give the routine tests for pro- 
tein (biuret, MiUon, xanthoproteic), it must consist in part, if not 
wholly, of denatured serum protein. 

A quantitative gravimetric analysis of the predpitate has no real 
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significance. The proportion of alcohol-soluble lipoids to serum glo- 
bulin will depend upon the reagin-titre of the serum used and the 
relative amounts of serum and antigen; moreover, such large per- 
centages of protein as found by Scheer represent non-specific normal 
protein, incompletely removed by washing. 

Protocol 5 

8 cc. of saline were shaken with 8 cc. of cholesterinized antigen, the resulting 
suspension centrifuged, resuspended to 15 cc. and added with shaking to 100 cc. 
of strongly positive s}T)hilitic serum. After 24 hours in the ice box the mixture 
was diluted with 300 cc. NaCI, n/7 (pH 7.4) and centrifuged. The sediment. 


TABLE TV 

Composition of Anligcn-Rcagin Precipitate 


Antigcn-reaein precipitate j 

Residue after extraction with 
alcohol and ether 

Alcohol.cther soluble 
(volumetric) 

CC. 

CC. 

per cent 

0.2 

0.038 

81 

0.5 

0.05 

90 

2.0 

0.28 

86 


taken up in 50 cc. NaCl, is Suspension 1, containing at most 1 :50 parts of serum. 
After 2 hours at room temperature, the suspension was again centrifuged, and 
again made up to 50 cc. (Suspension 2, <1:2500 serum). The final suspension 
obtained after 4 such washings represents at least 1 ; 10^ serum dilution, verified 
by the N content of the supernatant fluid. 

The isoelectric point of each suspension was determined catophoreticallj’’ and 
by the zone of optimal flocculation. The experimental data are summarized in 
Fig. 7, Table V corresponding to Curve 4 of the figure. 

B. Effect of WasJimg . — 

Normal serum alters the surface properties of the lipoid particles by 
virtue of the protein adsorbed. The following experiment shows that 
in the lipoid-rea^n precipitate also, the protein detected chemically 
is present as a film around the lipoid particles, but more or less irre- 
versibly adsorbed, and thus similar to antibody protein bound by a 
specific antigen. 

Clearly, the protein taken up by the antigen from syphilitic serum 
is present as an incomplete film around the individual lipoid particles, 
not removed by washing. The isoelectric range of Suspension 4, 
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•washed so thoroughly that it contains < 10’^ parts of free serum, is pH 
3.4 ±, the same as antigen suspended in 1:2000 senun, instead of the 
normal value of pH 1.9. Once the normal serum has been removed 
(1 to 2 ■washings), repeated further washing makes no more change in 
the surface properties than is indicated by the shaded zone of Fig. 7. 
Assuming an approximately equal ionization of the lipoid and protein 
surfaces per unit area, the shift in isoelectric point to pH 3.4 implies 
a lipoid particle roughly one-half covered "with protein. 


TABLE v 

Effect of pH upon Surface Properties of the Lipoid-Reagin Precipitate, Washed until 
Supernatant Is Practically A* Free {Fig. 7, Curve □ — □) 


HCl, ^■/10, cc 

“ n/100, cc 

1 

0.25 

1.25 

0.62 


1 

0.16 

0.08 

HjO, cc. 

2.8 

3.55 

2.55 

3.2 

3.5 

3.65 

3.70 

Precipitate suspension, cc 


0.2 

0.2 


0.2 

0.2 

0.2 

pH 

Cataphoretic velocity cm. per 

1.64 

2.2 

2.52 

2.81 

3.13 

3.56 

4.22 

volt per cm. per sec. X 10”*. . . 
Electrokinetic potential,* milli- 

-fl.3 

■fio 

16 

+12 

+10.8 

-13.3 

-40 

volts 

-M.7 

+13 

+20.8 

+15.6 

+14 

-17.3 

-52.4 

Agglutination in 2 hours 


0 

0 

0 


++++ 

0 


— = Negative charge; migration to anode. 
+ = Positive charge; migration to cathode. 
* See note at bottom of Table III. 


Antigen therefore combines irreversibly 'wi'th a spedfic protein of 
syphilitic serum. It is significant that Otto and Winkler (1922) ar- 
rived at the same conclusion by an entirely different fine of investi- 
gation, They fotmd that the ■washed lipoid-reagin precipitate sen- 
sitized 80 per cent of thirty-two guinea pigs to the subsequent injection 
of human serum, pro^ving the presence of serum protein in the precipi- 
tate ; while of the controls, nineteen guinea pigs injected ■with the lipoids 
washed after immersion in negative serum, only 20 per cent showed 
slight sensiti^vity to human senun, subsequently injected, and none 
died of anaphylactic shock.* 

* Simflarly, agglutinated bacteria (Braun, 1909) or red cells (Altmann, 1912) 
sensitize an animal to the subsequent injection of serum of the same species as the 
antisenun. 
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There is therefore a striking analogy to the so-called specific immune 
reactions. Bacteria, red cells, and lipoid antigen all adsorb normal, 
as well as antibody protein: but while the normal serum protein, re- 
maining hydrophilic, is readily removed by washing, the antibody 
globulin is firmly bound, and has been shown (chemically, immunologi- 
cally, and by surface properties) to form a more or less irreversible de- 
natured film around the antigen (Eagle, 1929, 2, 3; 1930). 

• = after ! woshing 
o— -o— -o = after 2 washings 
x— X— X = after 3 washings 
D— D = after 4 washings 
0—0—0 = Originol Antigen 



Fig. 7. Effect of washing upon the surface properties of the lipoid-reagin 
precipitate. 

It has already been shown (Eagle, 1930) that the flocculation of bac- 
teria or of red cells by the antiserum is due to this film of antibody 
protein, denatured by its combination with the antigen, and therefore 
sensitizing the antigen-antibody complex to flocculation by electrolytes. 
The obvious implication is that the flocculation of the lipoid syphilitic 
serum is an exactly similar process, an hypothesis which is confirmed 
in the following sections. 
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C. Flocculating Properties of the Lipoid-Reagin Complex . — 

Normal serum protein affected only the isoelectric point and the 
cataphoretic potential of the antigen, ‘without changing its critical 
potential. The adsorbed film retained its hydrophilic properties, and 
the suspension therefore remained stable up to about 1 ii NaCl or 0.02 
M BaCl., the exact coagulation value depending upon the concentration 
of lipoid. 


= No Visible Flocculation 
= Optically Visible Aggregates 



0 0.02 0.04 0.06 0.08 0.1 M 

Electrolyte Concentration 


Fig. 8. Coagulation value of lipoid-reagin precipitate. 

In marked contrast, the lipoid-reagin complex is flocculated at any 
hydrogen ion concentration by traces of electrol 3 rte. The reagin with 
which the antigen particles combine not only changes their isoelectric 
jwint and lowers their cataphoretic potential exactly as does normal 
serum protein, but in addition, raises their critical potential from 1 to 5 
milli volts to 10 to 15 rmlhvolts (Figs. 8 and 9), an increase in cohesive 
tendency of approximately fivefold. 

It is therefore more than a coincidence that such dissimilar particles 
as bacteria, red cells, protein micellae, and beef heart lecithin should 
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have exactly the same isoelectric point, cataphoretic potential, and 
in particular, the same critical potential, after sensitization with the 
homologous antiserum (antibacterial, hemolytic, precipitating and 
S 3 ^hilitic respectively). In all these antigen-antibody complexes, the 
surface of the originally dissimilar antigen particles has been covered 
with an identical film of specific globulin, in some way altered by its 
combination so as to lose its aflinity to the aqueous phase. 


Lipoid 

Particles 


Stable 

Suspension 


Surface 

Potential, 

Millivolts 


20 + 


15 + 


K'*~Criticol Potential 


10 


n 

Critical Potential— 


Zone of Slow Coagulation 
0 


Lipoid-Reagin Particles 
(or Any Antigen-Antibody Complex) 


Stable 

Suspension 




Zone of slow coagulation, in 
which an increosing proportion 
of impacts result in cohesion 
as surface potenfial is decreased. 

-Rapid Coagulation 


Fig. 9. Contrast between surface properties of antigen particles before and after 
combination with reagin. 


At serum reaction, it ionizes as Na+ globulinate", negatively charged 
because of the greater mobility of the inorganic ion. In the absence 
of electrolytes, tliis mutually repellent surface charge suffices to pre- 
vent cohesion of the particles as they approach during Brownian move- 
ment: the suspension is stable. Upon the addition of electrolytes 
the charge is depressed (Fig. S). So soon as it falls below the critical 
value for denatured globulin (10 to 15 millivolts), the globulin-coated 
particles can approach within their radius of attraction, and aggregates 
form which sediment. The discharging ion is the one opposite in 
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charge to the particle, the cation; and salts with bivalent cations, 
which are 20 to 40 times as effective in discharging, are correspondingly 
more active in causing, flocculation. Thus (Fig. 8), the coagulation 
value for NaCl (or Na-SO^) is 1/20 to 1/15 M, for BaCl m/ 400 to 
m/200; quantities to be contrasted with the corresponding values for 
the original antigen suspension, before it acquired its sensitizing co- 
hesive globulin film. 

At first sight, it seems paradoxical that normal serum protein, when 
adsorbed, forms a protective hydrophilic film, while the reagin-protern 
serves to decrease the stability of the lipoid with which it has combined, 
by forming a sensitizing film of denatured hydrophobic protein. There 
are, however, many examples of serum protein serving in both capad- 
ties. Aside from the specific reactions already dted there is the action 
of protein-containing spmal fluid upon a colloidal solution of mastic 
or gold: in large quantities, the fluid may protect the sol against 
flocculation (hydrophilic film of protein), in smaller quantities, sensi- 
tize; there is the prozone in specific agglutination; the sensitizing 
action of globulin on FcjOs sols, and its protective action on dyes, etc. 
Moreover, the forces making for the loose reversible adsorption of 
normal serum protein are quite different from the specific afifinity be- 
tween the lipoid and the reagin globulin, as shown by the irreversibility 
of the latter combination, a difference further illustrated in the follow- 
ing section. 

D, ComplemenUFixing Properties of the Lipoid-Reagin Precipitate . — 

The loss of its affimty for water is not the only change produced in 
a specific antibody globulin when it combines with antigen (bacteria, 
red cells, or dissolved protein). In addition to becoming denatured, 
and thus causing the flocculation of the antigen with which it has 
combined, it develops a marked avidity for complement (the hemolytic 
substance present in fresh senun), adsorbing it irreversibly (comple- 
ment fixation) . When the antigen-antibody complex is heated to 100° 
for a few seconds, this remarkable property is completely destroyed, 
presmnably because of the heat-coagulation of the active film of de- 
natured antibody (Eagle, 1929, 2). 

If the mechanism of the precipitation of lipoid antigen by S 3 q)hilitic 
sermn is, as outlined in the preceding sections, exactly analogous to 
these specific antigen-antibody reactions, the predpitate formed should 
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possess^ the same complement-fixing properties as agglutinated red 
cells, bacteria, or a protein-antiprotein precipitate. 

Antigen alone does not fix complement; nor does an adsorbed film 
of normal serum protein endow it with this property. As already 
shown by Wassermann (1921), and Ravenel and Dulaney (1925), how- 
ever, the precipitate obtained with syphilitic serum fixes complement 
powerfully (Table VI, Row 1). 

Protocol 6 


X cc. of tlie washed lipoid-reagin precipitate were incubated with 0.4 cc. of 1 : 10 
complement for 4 hour at 37°, and residual complement determined by a method 
already described (Eagle, 1929, 1). An individual experiment is given in detail. 


Precipitate suspension, cc 

0.4 

0.2 

0.1 

0.05 



0.006 

Time for hemolysis of sensitized cells 
added after § hour, in seconds. . . . 

m 

>1800 

1 

>1800 


1351 


90 

Per cent complement fixed 


>90 

>90 



15 

<10 


0.4 cc. of complement causes hemolysis in 90 seconds 

0.2 “ “ “ “ “ “ ISO “ 

0.1 “ “ “ “ » “ 480 “ 

0.05 “ “ “ “ » “900 

A series of experiments are summarized in Table tT, omitting similar technical 
details. 

Even more interesting are the results in the second part of the table. 
A film of normal serum protein does not interfere with the specific 
reaction between the antigen particles and subsequently added syphi- 
litic serum (reagin) : the normal protein is only loosely bound and does 
not obscure the specific reacting groups of the lipoid. The lipoid- 
reagin precipitate, however, incubated with very strongly positive 
syphilitic serum, does not give any further reaction; the first incuba- 
tion has covered the reacting groups of the lipoid with closely adherent 
reagin-globulin, so firmly bound as not to allow combination with more 
reagin (Row 3). Heating at 100° for a few seconds coagulates and de- 
stroys this complement-fixing film of protein without affecting the 
underlying lipoid. Their reacting groups once again free, the antigen 
particles give powerful fixation with the same syphilitic serum which 
was previously ineffective (Row 6). 

The reagin film therefore differs from adsorbed normal protein not 
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only in its water-insolubility, and tendency to flocculate; but also in its 
ability to fix (adsorb) complement. Moreover, rmlike normal protein, 
it attaches so firmly to the specific groups of the lipoid as to prevent any 


TABIX VI 

Complement-Fixing Properties of the Lipoid-Reagin Precipitate 


Precipitate suspension, 
cc 

0.1 

0.05 

0.025 

0.0125 

0.006 

0.003 

0.0015 


Per cent complement 
fixed by x cc. of lip- 
oid-reagin precipitate 
suspension 

>90 

60 

35 

20 

10 

<10 

<10 


Per cent complement 
fixed by x cc. sus- 
pension + 0.4 cc. of 
1:40 antigen 

>90 

60 

35 

20 

10 

<10 

<10 

No free reagin 

Per cent complement 
fixed by x cc. sus- 
pension, -J- 0.1 cc. 
very strongly posi- 
tive serum 

>90 

70 

40 

25 

i 

10 

<10 

<10 

No free antigen (at 

Per cent complement 
fixed by x cc. of sus- 
pension, heated to 
lOO’C. for 1 minute.. 

0 

0 

0 

0 

1 

0 

0 

0 

most, minimal 
quantities) 

.■adsorbing reagin 

Per cent complement 
fixed by x cc. heated 
suspension, 0.4 

cc. antigen 1:40 

0 

0 

0 

0 

0 

0 

1 

0 ! 

film destroyed by 
heat 

No free reagin 

Per cent complement 
fixed by x cc. heated 
suspension, + 0.1 
cc. very strongly 
positive syphilitic 
serum 

>9( 

)|>9C 

>90 

>90 

>90 

75 

40 

Free antigen 


further combination with additional reagin. For lack of a better term, 
we may call this group of properties, induced in all antibodies by their 
combination with antigen, denaturation, remembering it to be quite 
distinct from the coagulation of a protein by heat. 
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IV. SUMMARY AND DISCUSSION 

A. The lipoid antigen used in the serum diagnosis of syphilis, when 
colloidally dispersed in water, forms a relatively stable amphoteric 
suspension with predominantly hydrophilic properties. Although the 
colloidal particles flocculate at their isoelectric point (pH 1.9), in more 
alkaline reaction the negative surface potential prevents their cohesion 
and must be depressed to 1 to 5 millivolts before visible flocculation 
is obtained, indicating a very slight af&nity between tlie colloidal 
particles. The amount of electrolyte necessary to depress this sur- 
face charge below its critical value decreases somewhat with increasing 
concentration of the sol, but is uniformly large: in a suspension con- 
taining 0.04 per cent lipoid, 1 m univalent and 1/40 M bivalent cation 
are the coagulation values. 

B. In normal serum, hydrophilic protein is adsorbed, forming a 
protective film around the individual lipoid particles, with a corre- 
sponding change in the cataphoretic potential and the isoelectric point 
towards those of serum protein, the degree of shift depending upon the 
extent of the adsorbed film. The critical potential, however, is not 
affected, and the lipoid remains as stable away from its isoelectric 
point as in the absence of serum. The water-soluble film of unchanged 
protein is readily removed by washing, and does not prevent the subse- 
quent combination of the underlying lipoid with the specific component 
of syphilitic serum. 

C. When the lipoid antigen is added to syphilitic serum, in addition 
to this loose adsorption of normal protein it combines more or less 
irreversibly with a specifically altered fraction of the serum globulin 
(reagin), demonstrable in the washed precipitate both chemically and 
by sensitization experiments. Like adsorbed normal serum, it de- 
presses the surface potential and causes a shift in the isoelectric point; 
but there the similarity ends. The reagin-globulin is rendered water- 
insoluble by its firm combination with the lipoid, exactly as any anti- 
body is denatured upon combination with its specific antigen (bacteria, 
red cells, or dissolved protein). The hydrophobic films of reagin have 
five times as great an afiSnity for each other as the original lipoid sur- 
faces; accordingly, the critical potential is raised from its original 
value of 1 to 5 millivolts to 10 to 15 millivolts, that of particles of de- 
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natured globvdin or of any antigen-antibody complex, and relatively 
small quantities of electrolytes (at serum pH, cations) suffice to de- 
press the stabilizing potential below this critical level, with resultant 
aggregation and flocculation. In brief, a specific globulin combines 
with the colloidal particles of the antigen, conferring upon them the 
unstable properties of a suspension of denatured protein. 

Like the antibody film on bacteria, or red cells, and unlike normal 
adsorbed protein, the reagin globulin on the lipoid particle can adsorb 
("fix”) complement. \\Tien this protein film is destroyed by heat- 
coagulation, the complement-fixing property is lost; concomitantly, 
the specific groups of the lipoid having been freed from the closely ad- 
herent reagin, the antigen becomes again active, able to react with 
more syphilitic serum. 

These changes in the properties of reagin globulin upon its combi- 
nation with the lipoid antigen (denaturation) are in every sense analo- 
gous to those effected in any antibody by its specific antigen, and are 
probably due to the same, as yet unknown, factors. It has been sug- 
gested for bacterial and red cell “agglutinins” and protein “predpitins,” 
that the groups of the antibody determining its spedfidty are also 
those which endow it with its hydrophilic properties; when these com- 
bine with antigen, residual free hydrophobic groups determine the 
svuface properties of the complex. The same tentative hypothesis 
may be offered for the denaturation of reagin globulin by the lipoid 
antigen. 

The complete analogy between the flocculation reactions for s3T)hilis 
and the so-caUed specific reactions (bacterial and red ceU agglutination; 
protein predpitation) suggests that like agglutinins, predpitins, etc., 
reagin globulin represents an antibody response to products of infection. 
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STUDIES IN THE SEROLOGY OF SYPHILIS 
II. The Physical Basis of the Wassermahn Reaction 
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A complete exposition of the theories which have been advanced to 
explain the Wassermann reaction would be beyond the scope of the 
present paper. The recent tendency is to regard it as a “colloidal 
phenomenon,” which, in view of the fact that aU the reagents are in 
coUoidal solution, is a paraphrase of the problem rather than an ex- 
planation. Stem (1923, 1924) and Reiner (1929), finding that the 
addition of tannin to an antigen (organ-lipoid) suspension endows it 
with complement-fixing properties, have suggested that the Wasser- 
mann reaction is due to a similar dehydration of the antigenic par- 
ticles by S 3 rphilitic serum. It is difficult to correlate such an hypothesis 
with the experimental fact that the complement-fixing properties of a 
biologically-sensitized antigen are completely destroyed at 100°C., 
while the antigen as such is thereby unaffeerted. 

It has been shown (Northrop and de Kruif, 1922; Shibley, 1926; 
Mudd and Mudd, 1926, 1927; Eagle, 1929, 1930, 1) that the basic 
immune reaction involves the deposition of a film of denatmed anti- 
body globulin arovmd the antigenic red cell, bacterium or foreign 
protein with which it has combined; and that both flocculation and 
complement fixation are secondary reactions. The former results 
from the discharge of this hydrophobic surface film of denatured anti- 
body by electrolyte; the latter is an adsorption of complement by this 
same globulin film. The cause of the denaturation which endows the 
antibody globulin with these hydrophobic and complement-avid 
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properties is as yet unknown; a tentative hypothesis was suggested 
which need not be discussed here. 

Bacterium | 

Red cell t + antibody — > Antigen-antibody complex; hydrophobic 

Foreign protein j 

film of cohesive antibody globulin 
around the antigen 

Complement 
'^Adsorption of 
complement 
(fixation) 


+ Electrolytes / 

Discharge and 
aggregation 



The flocculation of lipoid antigen by syphilitic serum is exactly 
analogous to these antigen-antibody reactions (Eagle, 1930, 3). Re- 
agin globulin is denatured upon its combination with the lipoid antigen, 
forming a hydrophobic sensitizing film with a critical potential of 10 
to IS millivolts, as contrasted with 1 to 3 millivolts for the original 
antigen. NaCl n/15 suffices to depress the surface charge below this 
critical level, allowing the cohesion of the sensitized particles, a co- 
hesion primarily of the reagin globulin film, and only incidentally of 
the underlying lipoid antigen. 

It remains to show that, as in the case of the so-called specific reac- 
tions, the same globulin film which causes flocculation also determines 
complement fixation. At first sight, the high degree of correlation 
between the Wassermann and flocculation tests (Georgi, 1919; Mason, 
1920; Sahlmann, 1922; Kritschewsky, 1928) would seem to establish 
our thesis. However, scattered evidence to the contrary in the litera- 
ture (Wendlandt, 1920; Gloor and Klinger, 1920; Nathan, 1922), and 
the occasional descrepancies between the two types of test necessitate 
an empirical proof that precipitating and complement fixing reagin are 
identical. 

1. a. If the Wassermann reagin is identical with the substance in 
syphilitic senun which is responsible for flocculation, it should be as- 
sociated with the same fraction of senun protein, the globulin. The 
literature bearing on this point is quite conflicting. 
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Felke (1920-1921) tMnks that the active substance is contained primarily in 
the albumen fraction; yet his own protocols show that removal of the globulin 
caused a certain proportion of positive sera to become negative. Gloor and Klinger 
(1920) state imqualifiedly that although the globulin fraction determines floccula- 
tion (Sachs-Georgi reaction), the albumen is the carrier of Wassermann reagin. 
On the other hand, Kapsenberg (1921) finds the globulin of a positive serum to 
be positive always, while the albumen fraction if positive, is weakly so. In a 
later paper (1924) he comes to the conclusion that this residual reagin in the al- 
bumen is due to an incomplete removal of globulin. 

This source of error, which vitiates the results of Felke and of Gloor and E[linger, 
has been emphasized by Sahlmann (1922). Both the globulin precipitate and the 
supernatant fluid may be positive after the fractionation of sj^jhilitic serum with 
COi or HCl; but since only a portion of the globulin (the so-called euglobulin) is 
thereby precipitated, no conclusion can be drawn as to the distribution of reagin 
between globulin and albumen. The experiments of Stem (1923, 1924) seem 
definitive. Such procedures as simple dialysis, or precipitation by COi or HQ, 
ca\ise an incomplete separation of globulin and therefore of reagin; but when all 
the globulin is precipitated, as by electrodialysis, all the Wassermann reagin is 
concentrated in the sediment, and the supernatant albumen is completely negative. 

b. Another objection to the globulin theory of Wassermann reagin 
was raised by Skrop (1923) . The active substance was stated to have 
a positive charge, migrating to the cathode in an electrical field, while 
globulin at serum pH ionizes as Na*^ globulinate" ; the globulin ion 
being negatively charged and migrating to the anode. These experi- 
mental data have been vigorously discredited by Stem (1923). "V^Tiat 
was supposed to be reagin concentrated at the cathode was actually 
add (pH 3.8 to 6.1) which accumulates dining dialysis; the supposed 
complement-fixation it caused was a non-specific destmetion. Fur- 
thermore, the fact that negatively charged partides adsorb reagin does 
not prove it to be positively charged; both negatively and positively 
charged substances may be adsorbed by negatively charged partides 
(c.g., Kaolin). 

Indeed, upon passing syphilitic serum through a series of 4 dry 
Berkefeld filters, we found that there had been a 30 per cent decrease 
of reagin-content, presumably due to adsorption by the negatively 
charged partides of the filters: but there was a parallel decrease in 
serum protein (25 per cent), proving that opposite charges are not a 
prerequisite for adsorption, and suggesting that serum protein is the 
carrier of the substance determining the reaction. 
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c. The constant association of the Wassermann reagin with serum 
globulin does not, of course, establish their identity. However, every 
effort to separate the two has failed. Forssman (1921) has stated 
that if the globuhn precipitate obtained from syphilitic serum by acidi- 
fication with acetic acid is redissolved in NaCl, and the solution shaken 
with ether, it becomes Wassermann negative; but that if the ether 
extract is allowed to evaporate onto this solution, it again becomes 
Wassermann positive. Apparently, this proves that reagin is an, ether- 
soluble lipoid merely carried down with the globulin. However, his 
whole case is given away by the fact that not only the extract, but even 
normal ether can restore the positivity of the extracted globulin solution. 

Upon repeating his experiments it is found that when a solution of 
serum globuhn is shaken with ether, most of the protein is coagulated, 
probably due to adsorption and denaturation at the ether-water inter- 
faces in the emulsion. The disappearance of the positive reaction is 
therefore due to an irreversible coagulation of the reagin-globulin, and 
not to an extraction of a hypothetical reagin-hpoid. When ether is 
layered onto this suspension of denatured globulin and allowed to evap- 
orate, one obtains a highly anticomplementary solution, due to acids 
contained in the ether. The supposedly restored positive Wassermann 
is in reahty a non-specific destruction of complement by acid impurities 
in the ether. 

To summarize, Wassermann reagin is constantly associated with 
the serum globuhn, confirming its identity with the substance which 
causes the flocculation of antigen. Further evidence is given in the 
foUowing sections. 

2. In every positive Wassermann reaction there is microscopicaUy 
visible aggregation of the hpoid particles into smah aggregates of two 
or three particles (Jacobsthal, 1911). There are no large visible or 
sedimenting clumps solely because the antigen is used in too smah 
quantities to give optically visible aggregates. 

3. It is well known (Jacobsthal, 1911; Ravenel and Dulaney, 1925; 
Wassermann, 1921) that the antigen hpoid suspension alone does not 
fix complement, while the lipoid-protein aggregates obtained by adding 
this suspension to syphilitic senun fix complement powerfuUy. 

4. It is also known that heat, which would coagulate the film of 
globulin, destroys this acquired complement-fixing property (Stern, 
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1929). Simultaneously, the antigen partides regain their ability to 
fix complement nuth syphilitic serum, a propert>’’ previously masked 
by the surface film of denatured reagin with which they had already 
combined (Paper I of this series; Table \'T). 

5. The fact that certain conditions will inhibit complement fixation 
without affecting flocculation, or vice versa, does not disprove the iden- 
tity of the substance causing the two. The basic reaction in any sero- 
logical test for syphilis is always the same; partides of lipoid antigen 
combine with reagin globulin, which is deposited as a film of denatured 
protein around the underlying lipoid. The subsequent aggregation 
of these sensitized partides due to the hydrophobic properties of this 
protein film and the subsequent adsorption due to its avidity for com- 
plement midpiece are entirely different physico-chemical processes, 
with different optimal conditions. Complement fixation takes place 
at pH 5.8 to 8.2, and at a NaCl concentration of 0.07 to 0.25 K, with 
inhibition on either side of this optimal range; it is only slightly affected 
by volmne and shaking, is completely suppressed by relatively slight 
concentrations of bivalent cations, and because of the thermolability 
of complement, must be carried out at <40'’C. (Eagle, 1929, 3). The 
cohesion of the protein-coated particles on the other hand takes place 
most rapidly at pH 3.5±0.5, is enormously accelerated by shaking, 
by decrease in total volume, by bivalent cations or by an increase in 
temperature up to 56°C. 

One can therefore pick any number of variables which would have 
opposite effects upon the two types of reaction: but obviously this is 
due to differences in the types of reaction and does not connote a dif- 
ferent causal factor. 

6. Contrary to the statement of Gloor and Klinger (1920), com- 
pement-fixmg reagin is completely removed by the antigen. 

K an excess of antigen is added to sy'philitic serum, and the precipi- 
tate removed by centrifugation (or by Berkefeld filtration) it is foimd 
that the supernatant fluid no longer gives a positive flocculation test 
upon a second addition of antigen; moreover, it no longer fixes com- 
plement, i.e., it gives a negative Wassermann test. Provided only 
that sufficient antigen is used to combine with all the reagin, more 
than 99 per cent of the complement-fixing substance is concentrated 
in the precipitate (Table I, Protocol 1). 
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Protocol 1 

To X cc. of strongly positive sj'philitic serum were added 1/6 x cc. of an alcoholic 
solution of cholesterinized antigen and NaCl n/7 to 2 x cc. The precipitate was 
removed by a) prolonged centrifugation and b) Berkefeld filtration, and the com- 
plement fixing properties of the original serum, precipitate and supernatant fluid 
'determined by a method described elsewhere (Eagle, 1930, 2). The unit of Was- 
sermann reagin is taken as that necessary to give 75 per cent complement fixation: 
the titre is exprbsed as the dilution of serum containing 1 unit. 


TABLE I 



0.4 

cc. 

0.2 

cc. 

0.1 

cc. 

0.05 

cc. 

0.025 

cc. 

Units reagin per cc. 

Floccula- 
tion test 

1 

Serum 1:2, per cent fixation (.x 
cc. 0.4 cc. complement 

1:10-1- 0.4 cc. antigen) 

>90 

>90 

>90 


50 

22 

++++ 

Supernatant, after centrifuga- 
tion, per cent fixation (x cc. 
+ complement 1 : 10; anti- 
complementary determin- 
ation) 

50 

25 

10 


1 

1 

0 1 

! 

1 

2 units anticom- 

0 

Supernatant after centrifuga- 
tion, per cent fixation (x cc. 
-f- complement antigen; 
anticomplementary -}- 

reagin) 

50 

1 

25 

10 

I 

1 

n 

i 

0 

plementaiy' 

9 . unit*; ntiHrom- 

0 \ 

Supernatant after centrifuga- 
tion; per cent fixation bj”- 
free reagin 

<10 

[ 

0 

i 

0 


1 

0 

plementary -f- 
reagin 

0 reagin units 

0 

Berkefeld filtrate per cent fixa- 
tion X cc. 4- complement -{- 
antigen 

(20) 

(?) 

0 




0 

0 


As seen in Table I, the supernatant fluid after centrifugation con- 
tains less than 1/20 as much free reagin as the original sertun. It is 
somewhat anticomplementary, due to the fact that small clumps of 
antigen sensitized with reagin are not completely carried down; but 
a further addition of antigen does not increase the degree of complement 
fixation, i.c., there is no free reagin. Berkefeld filtration removes these 
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sensitized antigen particles completely, -vritli the result that the clear 
filtrate is no longer anticomplementary, and contains no demonstrable 
reagin. 


SUIQIARY AND DISCUSSION 

The substance in syphilitic serum ■which is responsible for the Was- 
sermann reaction, like that which determines the diagnostic floccula- 
tion tests, is associated ■with the globulin fraction of serum. 

Every positive Wassermann is accompanied by microscopic (or sub- 
microscopic) aggregation, ■which is not an essential feature of the reac- 
tion; conversely, after every positive flocculation test, the washed pre- 
cipitate ■will fix complement. An excess of antigen removes both 
flocculating and complement-fixing substances completely (>95 per 
cent). Heating the lipoid-reagin precipitate to 100° for 1 minute 
destroys the sensitizing film of reagin globulin; the a'vidity for comple- 
ment disappears simultaneously. 

Both the flocculating and complement-fixing properties of syphilitic 
serum are therefore determined by the same substance, a spedfically 
altered fraction of the serum glob ulin , reagin. The Wassermaim re- 
action is thus entirely analogous to complement fixation by any anti- 
gen-antibody complex. The same film of denatured sermn globulin 
which sensitizes the antigen particles, whether red cells, bacteria, pro- 
tein, or coUoidal lipoid particles, to discharge and aggregation by elec- 
trolytes, also endows them ■with an a-vidity for complement. 

The pathogenesis of reagin ■will be discussed in a forthcoming paper. 

BIBLIOGRAPHY 

Eagle, H., J. Gen. Physiol., 1929, 12, 821, 825, 845. 

Eagle, H., (1) J. Immunol., 1930, 18, 393. 

Eagle, H., (2) J. Inf. Dis., 1930, 46, 231. 

Eagle, H., (3) J. Exp. Med., 1930, 52, 717. 

Fdke, H., Munch, med. Woch., 1920, 67, 1291. 

Felke, H., Z. Immunitalsforsch., 1921, 32, 137. 

Forssman, J., Biock. Z., 1921, 121, 180. 

Georgi, W., Bioclt. Z., 1919, 93, 16. 

Gloor, W., and Klinger, R., Z. Immuniialsforsch, 1920, 29, 435. 

Jacobsthal, E., Z. Immunitalsforsch., 1911, 8, 107. 

Kapsenberg, G., Annal. de I’lnsl. Pasteur, 1921, 35, 648. 



746 


SEROLOGY OF SYPHILIS. II 


Kapsenberg, G., Z. Immumiaisjorsch., 1921, 31, 301. 

Kapsenberg, G., Z. Immunitalsforsch., 1924, 39, 3. 

Kritschewsky, N. L., and Newler, A. J., Z. hnmuniiafsforsch., 1928, 57, 93. 
Mason, V. R., Johns Hopkins Eosp. Bull., 1920, 31, 234, 

Mudd, S., and Mudd, E. B. H., 7. Exp. Med., 1926, 43, 127. 

Mudd, S., and Mudd, E. B. H., J. Exp. Med., 1927, 46, 173. 

Nathan, E., Z. Imimmitdtsforsch., 1922, 31, 124. 

Northrop, J, H., and de Kruif, P. H., 7. Gen. Physiol., 1922, 4, 639, 655. 
Ravenel, M. P., and Dulaney, A. D., South. Med. J., 1924, 18, 491. 

Reiner, L., Z. Immunitalsforsch., 1929, 61, 459. 

Sahlmann, H., Z. Immunitalsforsch., 1922, 33, 130, 

Shibley, G. S., 7. Exp. Med., 1926, 44, 667. 

Skrop, F., Z. Immunitalsforsch., 1923, 35, 523. 

Stern, A., Z. Immunitalsforsch., 1929, 63, 277. 

Stern, R., Z. Immunitalsforsch., 1923, 39, 293. 

Stern, R., Bioch. Z., 1924, 144, 115. 

Stern, R., and Stern, M., Klin. Wochnschr., 1923, 2, 836, 

Wassermann, A. v., Berl. Klin. Wochenschr., 1921, 58, 193, 

Wendtlandt, Z. Immunilatsforsch., 1920, 30, 202. 



STUDIES IN THE SEROLOGY OF SYPHILIS 

TTT . Explanation of the Fortifying Effect of Cholesteein 
UPON THE Antigen as Used in the Wassepjjann and 
Flocculation Tests 

Bv harry eagle, M.D • 

{From the Syphilis Division of the.Departmenl of Medicine, J ohns Hopkins Medical 

School, Baltimore) 

(Received for publication, July 15, 1930) 

Soon after the discovery that an alcoholic extract of normal tissue 
could be used in the serum diagnosis of syphilis (Landsteiner, Muller 
and Potzl, 1907), it was found by Browning, Cruikshank and Mac- 
kenzie (1910) that small quantities of cholesterin added to such an 
extract increased its sensitivity markedly. Although its use both in 
the complement fixation and flocculation tests (Kahn, Sachs-Georgi, 
Meinicke, Hinton, etc.) has since become almost imiversal, there is 
as yet no satisfactory explanation of its effect. 

It is certainly not in itself antigenic (Protocol 1 and Table I) : 100 
times as much cholesterin as the fixing quantity of antigen has no 
effect with syphilitic senun. As Maltaner (1930) recently showed, 
its activity is not to be ascribed to traces of activated ergosterol : weight 
for weight, the latter is no more effective than pure cholesterol. Most 
of the text-books speak of an obscure physico-chemical effect. The 
explanation of its action is the subject of the present paper. 

Protocol 1 

1 cc. of an alcoholic extract of beef heart containing IJ per cent total 
solid was dropped with shaking into 40 cc. NaQ x/7. To decreasing quan- 
tities of this colloidal lipoid suspension were added 0.4 cc. of 1:10 guinea pig 
complement, 0.4 cc. of 1:4 strongly positive sj'philitic serum and NaQ k/ 7 to 
1.2 cc. After 4 hours at ice box temperature and i hour at 37°C., 0.8 cc. of 
strongly sensitized sheep cells were added to each tube, and the time for complete 
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hemolysis determined in seconds. The degree of complement fixation was calcu- 
lated from hemolysis time by a method already described (Eagle, 1929, 1 ; 1930, 1). 

An exactly similar experiment was carried through at the same time with the 
same reagents, using 1 J per cent cholesterin instead of antigen, diluted with water 
instead of saline. An individual experiment is summarized in Table I. 

I. Cause of the Stable Dispersion of Cholesterin in the Presence of 

Antigen 

Both the antigen and cholesterin are water-insoluble and alcohol- 
soluble, but they differ markedly in their affinity for water. The anti- 


TABLE I 

Cholesterin as Such Has No Effect with Syphilitic Serum 


cc. of 1:10 dilution of li percent antigen (or 
cholesterin) 

i 

0.4 

B 

0.1 

o.os 

0.02S 

0.012S 

0.006 

0.003 

Per cent fixation by x cc. antigen + 
0.1 cc. syphilitic serum 

1 

>90 

>90 

>90 

>90 

>90 

90 

50 

30 

Anticomplementary control of antigen, 
per cent destruction 

25 

10 

0 

0 

0 

0 

0 

0 

Actual fixation by antigen 

>90 

>90 

>90 

>90 

>90 

90 

SO 

30 

Apparent fi,xation by x cc. cholesterin 
0.1 cc. syphilitic serum, per cent. 

25 

10 

0 

0 

0 

0 

0 

0 

Anticomplementary control choles- 
terin, per cent destruction 

25 

10 

0 

0 

0 

0 

! 0 

0 

Actual fixation by cholesterin, per 
cent 

0 

0 

0 

0 

0 

0 

0 

0 


gen, although insoluble as such, can be readily peptized by dropping 
the alcoholic solution into an excess of water. The colloidal solution 
obtained is not only stable, but is remarkably hydrophilic for a water- 
insoluble substance, remaining colloidally dispersed until the surface 
potential of the constituent particles has been reduced to 1 to 5 milli- 
volts (0,75 to 1.5 N NaCl), when they cohere to form unstable aggre- 
gates. Although the suspension is optically homogeneous, these dis- 
crete particles can be seen by dark field illumination as minute 
retractile bodies in active Bro%vnian motion. 

An alcoholic solution of cholesterin on the other hand cannot be so 
peptized. Dropped into water, needle crystals of cholesterin form 
immediately, which despite their very high mutually repellent surface 
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charge, quickly coalesce to form unstable aggregates. The difference 
in affinity to water can be expressed as the ratio of their critical 
potentials: 

> 100 (cholesterin) 

1-5 (antigen) 

However, when the cholesterin is added to an alcoholic solution of 
antigen and the mixture is dropped into an excess of water, instead of 
obtaining a precipitate of cholesterin and a colloidally dispersed antigen, 
both remain colloidally dispersed in an optically homogeneous solution. 
Corresponding to its greater opalescence, there are more minute 
particles to be seen, of somewhat larger size than those formed by anti- 
gen alone, but no cholesterin as such. Obviously, each particle con- 
tains antigen and cholesterin, and the complex is more effident in both 
complement fixation and predpitation than the antigen partide alone. 

To hypothecate a chemical combination as the explanation of the 
peptization of the cholesterin would be begging the question. llTien 
one drops an alcoholic solution of cholesterin into an aqueous colloidal 
suspension of antigen, it predpitates just as it would in pure water. 
There is certainly no reaction between the two substances in alcoholic 
solution, and they can be readily dissodated from their complex colloidal 
sol. Nor would such an hypothesis explain the’ greater sensitivity 
of the lipoid-cholesterin sol in the diagnostic reactions unless we intro- 
duce as another assumption that the hypothetical compound is more 
reactive than the ledthin antigen alone. We find an analogy in the 
detergent action of soap upon fatty adds, silica, etc. The soap is 
adsorbed by the partides of dirt, forming a hydrophilic film which 
allows them to pass into the solution, and prevents their cohesion 
(Freimdlich, 1922). Similarly, we can hj^pothecate that when the 
alcoholic antigen-cholesterin solution is dropped into water, the natural 
tendency of the cholesterin molecules to cohere is prevented by the 
fact that, as submicroscopic aggregates form, they adsorb the ledthin 
antigen; this would form a protective film, preventing any further 
aggregation and allowing the partides to remain colloidally dispersed. 
Each particle seen im'croscopically would thus contain both antigen 
and cholesterin, not in any haphazard distribution, but in a definite 
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arrangement: a nucleus of cholesterin surrounded by an adsorbed 
protective antigen surface of indeterminate thickness. (See Fig. 2.) 

The forces determining this adsorption would be those of interfacial 
tension. If 

p cholesterin-water > p cholesterin — antigen + p antigen-water, 

that is, if the surface tension of cholesterin against water were greater 
than the sum of the antigen-water and cholesterin-antigen interfacial 
tensions, then the antigen would be adsorbed, since the total free 
surface energy would be thereby diminished. Unfortunately, there 
are no methods for measuring solid-solid or solid-hquid interfacial 
tensions. Qualitatively, the complete insolubility of cholesterin, as 
contrasted with the ease of peptizing antigen, as well as the known 
low surface tension of lecithin against air (Price and Lewis, 1929) 
suggest that p Choi. — H 2 O > p Ant. — HjO, but we have no indication 
of the magnitude of p Ant. — Choi. 

There are, however, several other methods of verifying the suggested 
explanation. If surface-active antigen actually causes the stable 
dispersion of cholesterin by forming a protective film around minute 
particles of cholesterin, preventing their further aggregation, then (1) 
the surface properties of the individual antigen-cholesterin particles 
should be those of the antigen, the properties of cholesterin being com- 
pletely masked by the superimposed film; (2) any substance with the 
same physical properties as antigen should cause a similar dispersion 
of cholesterin in water; (3) any substance of the same physical properties 
as cholesterin should be as readily peptized by the lipoid antigen. 
The empirical data follow. 

A. Surface Properties of the Antigen-Cholesterm Particles . — 

i. Isoelectric Point. — The isoelectric point of the lecithin antigen is 
pH 1.9 (Eagle, 1930, 2), corresponding to the fact that it contains 
both phosphoric acid and fatty acid radicals, and a comparatively 
weak organic base. Although that of cholesterol is usually given as 
pH 3-4 ±, it is difficult to understand from its chemical structure why 
it should be amphoteric, containing as it does only one active group, 
an alcohol. Accordingly, it was not surprising to find that of six dif- 
ferent samples, no two had the same cataphoretic isoelectric point 
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(Table n). Presumably, therefore, the so-called isoelectric point of 
Aolesterin is due to an associated impurity (glycochoU, etc.)* 

The point of interest in the present connection, however, is that 
no matter what the original isoelectric point of the particular sample 
of cholesterin, that of the particles of an antigen-cholesterin sol is 
always the same, pH 1.9 ± 0.2, the isoelectric point of antigen alone; 
indicating that the surface of the particles is not a mosaic of cholesterin 
and antigen, as it would be in a haphazard distribution, but antigen 
only, surroimding a core of cholesterin. (Table 11.) 


TABLE n 

Showing that the isoelectric point of the particles of an aptigen-cholesterin sol 
is independent of that of the cholesterin, depending solely upon the antigen surface. 


Mantifacturer 

Isoelectric point 

1 of cholesterin 
particles 

lioelectric point 
of particles of 
! antiscn-chol- sol 
(ant-ichol. ratio 

- yi) 

Hollister 

3.3 

1.8 

Pfanstiehl 

2.1 

1.9 

Eimer and Amend 

3.2 

1.93 

Merck 

3.4 

2.0 

Laboratory Spec. 1, from gallstones’. 

2.5 

1.8 

tt U tt u 

3.6 

1.8 




2. Critical Potential and Coagulation Value . — ^An alcoholic solution 
of antigen alone when dropped into water forms a very stable suspension 
at any pH > 1.9. Thus, at pH 7.4 the critical potential, the minimum 
compatible with stability, is 1 to 3 millivolts, a very low value for a 
water-insoluble substance. Its flocculation value, i.e., the amount of 
electrolyte necessary to reduce the surface potential below this critical 
value, is 0.5 to 1.5 N for univalent cations. The rather wide limits 
given are due to the fact that the stability of the sol varies with its 
concentration (Eagle, 1930, 2). 

Cholesterin on the other hand, despite its very high cataphoretic 
potential ( > 100 milli volts) flocculates even in water. If the particles 

• The extremdy low buSer value of an alcoholic solution of cholesterin as con- 
trasted with one of truly amphoteric antigen, is further proof that its isoelectric 
point is due to an impuritj'. 
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of the antigen-cholesterin sol consisted of the two substances in a 
haphazard distribution, the surface would consist of a mosaic of anti- 
gen and cholesterin, and its surface properties would be intermediate 
between the two. Instead, even with 2 parts of cholesterin to one of 
antigen, the critical potential of the complex antigen-cholesterin sol is 
still 1 to 5 millivolts, the value of pure antigen, instead of about 70, as 
it would be if the particles contained antigen and cholesterin in a 
statistical distribution (Protocol 2 and Table III). 

Protocol 2 

Alcoholic solutions of antigen (solid content 1.6 per cent) containing increasing 
quantities of cholesterin were shaken with an equal volume of NaCl n/7. The 
suspensions were centrifuged and made up in H^O to their original volume, form- 
ing suspensions containing 0.8 per cent antigen lipoid plus varjdng quantities of 
added cholesterin. 0.2 cc. of each suspension were added to 3.7 cc. of NaCl of 
varying concentration, and brought to approximately pH 7.4 with 0.1 cc. of phos- 
phate buffer m/15. The figures in the bod}' of Table III represent degrees of 
flocculation after 24 hours at room temperature. The slight decrease in stability 
with added cholesterin is due entirely to the increased number of particles, those 
most readily flocculated. 

The only explanation for this anomalous finding is that cholesterin 
is concentrated in the center of the particles as its core, antigen form- 
ing a surface film which determines the surface properties of the 
complex particle. 

TABLE ni 


Showing that cholesterin does not appreciably affect the coagulation value or 
critical potential of the antigen sol (pH 7.4). 


Composition of alcoholic solution 

Cholesterin 

•T' 

antigen 

Flocculation after 24 
hours 

•c 

a 

o 

.-H « 

o 


*«s. 

2 

^ I 
"S- 

CO 


fO 

z 

O 1 

« g 

o 

o 

u ^ 

U 

Antigen lipoids 1.6% 

0 







G 

1.9 

N/1 

<2 

Antigen lipoids 0.8% + cholesterin 
0.4% 

1/2 

db 



1 

1 


I 

1.9 

n/1 

<2 

Antigen lipoids 0.4% -b cholesterin 
0.4% 

1/1 

4 

dz 

0 

1 

1 

0 

I 

2.0 

n/2— n/1 

<2 

Antigen lipoids 0.2% -f- cholesterin 
0.4% 

2/1 

4 

2 

0 

1 

1 


0 

1.7 

n/2-n/I 

2-3 

Antigen lipoids 0 cholesterin 0.4%. . . 


4 

4 

4 

3 

3 

i 

3| 

3 

3.6 

0 

>100 
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B. Peptization of Other Water-Insoluble Substances by Antigen . — 

The explanation suggested for the formation of the stable lipoid- 
cholesterin sol implied as a second and necessary corollary that any 
substance of the same physical properties as cholesteiin should be 
similarly peptized by antigen. The most diverse types of substances 
were tested, all water-insoluble, alcohol soluble and aU fiocciilating 
either immediately or within a few hours when the alcoholic solution 
is dropped into an excess of NaCl n/ 7. In the majority of cases the 
presence of antigen in the alcoholic solution allowed the substance to 


TABLE IV 

of Antigen upon Ike Stability of a Scries of Alcohol-Soluble, Water-Insoluble 

Substances 


SubsUnce 

Alcoholic solution 
dropped into 
NaCl N/7 

1 

Alcoholic solution -r antigen 
j dropped into NaCl k/I 

phenyl salicylate 

Predpitate 

tt 

Stable opalescent sol 

ft 

Gums: Mastic, elenu, copal, sandarac, 
benzoin, etc.* 

Palmitic add 

(( 

Predpitate 

Stable opalescent sol 

tt 

Benzophenone 

it 

Ethyl stearate 

it 

a-Naphthonitrile 

it 

tt 

Triphenylpbospbine. 

tt 

It 

Cetyl alcohol 

tt 

Predpitate 

Stable opalescent sol 

if 

^-Nitrobromobenzene 

tt 

Benzil 

it 

etc., etc. 




* The precipitate obtained may be a resinous impurity. 


be colloidally dispersed irrespective of its chemical nattire, corrobo- 
rating the hjrpothesis that the hydrophilic antigen forms a protective 
film around the hydrophobic particles in statu ttascendi, preventing 
their further aggregation into sedimenting clumps (Table W). 

For aU these substances, then, 

P substance-water > p substance-antigen -b p antigen-water; 

as in the case of cholesterin, their interfadal tension against water 
exceeds that of the two surfaces formed by the adsorption of the lecithin 
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antigen. When the alcoholic solution (of antigen + x) is dropped 
into water, minute particles of x therefore adsorb antigen while they 
are still <ln ia. diameter. The complex particles formed have a 
surface of hydrophilic antigen, and are as stable as antigen particles 
of the same size. 

C. Peptization of Cholesterin by Substmces Other Than ''AntigenP — 

Conversely, not only the alcoholic extract of beef heart, but any 
similar substance will cause the colloidal dispersion of cholesterin, 
again indicating that the phenomenon is determined, not by a specific 
chemical affinity between antigen and cholesterin, but by their physical 
properties. Thus, if cholesterin is added to an alcoholic extract of 
dried milk (or of egg yolk) and the mixture dropped into an excess of 
water or saline, one obtains a stable milk (egg) lipoid-cholesterin sol. 
Similarly, an alcoholic extract of any animal tissue will cause a stable 
colloidal dispersion of aggregates of cholesterin before they become 
sufficiently large to sediment. Indeed, an aqueous solution of any 
substance with a low interfacial tension against both .cholesterin 
and water should have the same effect. To test this, an alcoholic 
cholesterin solution was dropped into solutions of serum, Na-oleate, 
Na glycocholate, and Na taurocholate in NaCl n/7, all surface-active 
substances of varying efficiency. In all four, there was obtained an 
opalescent, but stable colloidal suspension of cholesterin, contrasting 
with the coarse rapidly sedimenting aggregates obtained in saline 
alone. Here again we may write that 

p cholesterin-water > p cholesterin-serum -}- p serum-water 
[or] >p cholest. — Na-oleate, etc.-f p Na-oleate-water, etc. 

To summarize, since the particles of an antigen-cholesterin sol have 
the same isoelectric point, critical potential and coagulation value as 
antigen alone; since any similarly surface active substance (egg or 
milk-lipoid, etc.) can be substituted for the beef heart lipoid antigen 
as the peptizing agent; and since antigen will cause a similar colloidal 
dispersion of any hydrophobic alcohol-soluble substance like choles- 
terin: we conclude that antigen causes the colloidal dispersion of 
cholesterin by forming a protective film around minute aggregates of 
cholesterin before they exceed the limits of colloidal stability, endowing 
them with its ovm stable surface properties, and preventing their 
further aggregation into sedimenting clumps. 
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The phenomenon is therefore analogous to the detergent action of 
soap. The adsorption of a surface-active hydrophilic substance (anti- 
gen, soap) by minute particles of a hydrophobic substance (cholesterin, 
dirt) allows the latter to form a stable colloidal suspension in water. 
The difference between the two is that the initially large particles of 
dirt are peptized by friction, and adsorb the soap as they break off; 
while the cholesterin, beginning as a molecularly dispersed alcohoKc 
solution, would form veiy large unstable aggregates in water were it 
not for the fact that the tiny particles adsorb antigen before they 
become sufficiently large to sediment. 

II. Physical Properties of the Anligcn-Choleslerin Sol, as Contrasted 

until Antigen Alone 

As already shown, the surface properties of the individual particles 
in the complex sol are determined by the adsorbed antigen surface; 
their isoelectric point and critical potential are therefore approximately 
the same as those of particles of pure antigen. There is, however, a 
very great difference in the degree of dispersion. 

In any sol, the size of the particles varies widely. WTien an alcoholic 
solution of antigen alone is dropped into an excess of saline, it forms 
a highly dispersed colloidal solution in which only a few of the partides 
are within the limits of dark field visibility, probably less than 1/10. 
The remainder are even smaller, probably <0.05^ in average diameter. 
Corresponding to the small average size of the partides, the turbidity 
of the suspension is very slight. However, the addition of relatively 
small quantities of cholesterin to the antigen causes an enormous in- 
crease in the number of particles visible by dark field illumination. 
Thus, 1 part of cholesterin to 3 of antigen increases the number of 
visible particles twenty-fold, sixty times more than a similar quantity 
of antigen. Not only the number, but the average size of these visible 
partides increases pari passu with the amount of added cholesterin, 
as does the turbidity (Fig. 1). Clearly, when the cholesterinized anti- 
gen is dropped into saline, the cholesterin aggregates very rapidly; 
before an adequate protective cover of antigen can be adsorbed, most 
of the partides exceed in size the largest of these formed by antigen 
alone. And since the actual mass of the cholesterin is very small, 
these larger antigen-cholesterin partides must be obtained at the ex- 
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pense of the very small submicroscopic particles formed in the absence 
of cholesterin (Fig. 2). The net result is therefore a coarsened dis- 
persion state of antigen, intermediate between the finely dispersed sol 
formed by antigen alone and the large visible clumps formed by cho- 
lesterin. 

As the proportion of cholesterin to antigen in the alcoholic solution 
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Fig. 1. Effect of cholesterin upon physical properties of the antigen sol (sec 
Table V). 

is increased (Table V), the microscopically visible particles in the 
aqueous sol become more and more numerous, and of larger average 
size; but they remain discrete until the cholesterin-antigen ratio is 
about 1/1. Any further increase in the proportion of cholesterin re- 
sults in the formation of tiny microscopic aggregates; however, these do 
not become sufficiently large to sediment or be visible microscopically 
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until the alcoholic solution contains 5 to 7 parts of cholesterin to 1 of 
antigen. At this critical ratio, the sol is no longer homogeneous and 
opalescent, but becomes cloudy. With even more cholesterin, there 
is progressively more rapid flocculation and sedimentation of coarse 
grossly visible aggregates. 

Paralleling the coarsened dispersion state of the antigen caused by 
cholesterin, the turbidity of the sol per unit solid increases, approach- 
ing as its maximum value that of a suspension of pure cholesterin. It 
should be noted that as little as 1 part of antigen to 8 of cholesterin 
causes a significant change in the turbidity, f.e., of its degree of dis- 


Antigen 

Alone 


O O O O O O O 
o n n 


oooooo ooo 

oOoOOOoOqO 

O O O O O - o - ftO 


Chotestcrinized 



Threshold of 
Microscopic 
Visibility 


Fig. 2. Diagrammatic representation of eSect of cholesterin upon particle 
number and size in an antigen sol (solid black core indicates cholesterin). 

persion, in keeping -with the fact that it forms a thin surface film. 
These data are all summarized in Protocol 3 and Table V. 

Protocol 3 

A series of tubes ivith varying proportions of antigen and cholesterin irere set up 
as outlined in Table V, and dilutions made by dropping into saline. The number 
of particles were counted in the PetroS-Hausser counting chamber (1 /SO mm. deep) 
by dark field illumination. The Brownian motion of the particles made counting 
difficult, and the figures given are necessarily approsimate. 

Turbidity measurements were made roughly by determining the degree to 
which each suspension had to be diluted in order to approsimate the turbidity of 
the pure antigen sol. The results are summarized in Table V and Figs. 1 and 2. 
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III. Explanation of the Ejjcct of Chokstcrin in the Wassermann Reaction 

Complement fixation in the Wassermann reaction is an adsorption 
of complement midpiece by the same film of denatured reagin-globulin 
which sensitizes the particle to flocculation by electrolj’te (Eagle, 1930, 
3). The degree of fixation increases with the amount of antigen used 
(Table I), and since the reaction takes place at the surface of the parti- 
cles, this is the equivalent of sajdng that it increases with the total 
surface area. 

A priori, this would imply that the more finely dl\'ided a given quan- 
tity of antigen, the more efficient is the resulting sol in complement 
fixation : for surface increases with progressive subdivision. Actually, 
however, as the following e.xperiment shows, within the range covered 
by the particles of antigen and antigen-cholesterin sols, a coarsely dis- 
persed antigen dilution is much more sensitive in complement fixation, 
despite the fact that it has less surface, confirming the findings of 
Kermack and Spragg (1929). 

If an alcoholic solution of antigen is dropped into an excess of NaQ 
n/7, it forms a highly disperse, faintly opalescent sol in which but few 
particles are visible by dark field examination. But if the saline is 
dropped into the antigen, keeping the quantities the same, a much 
more turbid suspension is obtained (Sachs and Rondoni, 1909) con- 
taining about 20 times as many visible particles, and correspondingly 
fewer smaU ones. The total surface area of this coarse water-into- 
antigen sol is much less, yet it is about twice as effident in complement 
fixation with syphilitic serum (Protocol 4 and Table VI). Per unit 
surface, the larger partides are therefore at least 5 times as effident. 

Protocol 4 

1 cc. of an antigen containing 1^ per cent solid matter was dropped into 39 cc. 
NaCl n/7. The transparent, very slightly opalescent sol contained 1 to 2 particles 
per 1/20,000 sq. mm. (2 to 4 X 10^ per cubic centimeter) as coimted by dark field 
illu min ation in the Zinsser-Hauser apparatus. WTien 39 cc. of NaCl N/7 were 
added with shaking to 1 cc. of the same antigen a markedlj’ opalescent sol was 
obtained containing 4 to 6 X 10’ visible particles per cubic centimeter, an increase 
of 20 fold. To X cc. of each antigen were added 0.4 cc. of guinea pig complement 
1 : 10, 0.1 cc. of a strongly positive sj-philitic serum and NaCl n/7 to 1.2 cc. The 
degree of fixation after 4 hours at ice box and J hour at 37°C. was determined by 
a method already described (Eagle, 1930, 1). The results are summarized in 
Table VI. 
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The fact that cholesterin causes just such a coarse dispersion of the 
antigen when the mixture is dropped into saline, as compared with the 
finely dispersed sol formed-by antigen alone, completely explains the 
greater efficiency of the cholesterinized antigen in the Wassermann 
reaction. 

The basic cause of this greater efficiency of large particles is of only 
theoretical importance. There are two possibilities: 1) either the 
larger antigen particles have a much greater avidity for reagin, or 2) 
having combined with antigen, the film of denatured reagin is a more 
efficient adsorbent for complement when it is spread around large 
particles. As shown by the following experiment, the first is the cor- 
rect explanation. 


TABLE VI 


Contrast in the Complement-Fixing Efficiency of Antigcn-into-Waier and Watcr-into- 
Antigen Sols of the Same Solid Content 


Antigen cc. of 1:40 dilution 

0.4 

0.2 

0.1 

0.05 

0.025 

Per cent complement fixed by x cc. water- 
antigen sol ■+• 0.1 cc. of same positive 


i 




serum 1 

>90 

>90 

80 

45 i 

25 


(4+) 

(4+) 

(4-1- ) 

(0) 

(0) 

Per cent complement fixed by x cc. antigen- 






water sol -{- 0.1 cc. positive serum 

80 

70 

40 

20 

10 


(4-1- ) 

(3+) 

(0) 

(0) 

(0) 


Decreasing quantities of a strongly positive serum were incubated 
for 1 hour with 0.4 cc. of a) 1 :40 antigen, b) 1:40 cholesterinized anti- 
gen. At the end of this time, an additional 0.1 cc. of 1 : 40 cholesterin- 
ized antigen was added to all the tubes. After 15 minutes, 0.4 cc. 
of complement was added to each tube, and the degree of fixation 
determined after f hour at 37° by a method described elsewhere 
(Eagle, 1930, 1). 

The combination between antigen and reagin is an irreversible one. 
The second dose of antigen could therefore combine only with free 
reagin not previously boimd. As seen in Table VII, 75 per cent of 
all the reagin remains free after 2 hours’ incubation with cholesterin- 
free antigen : the subsequent addition of as little as 0.1 cc. binds almost 
all this free reagin within 15 minutes, as shown by the degree of com- 
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plement fixation. Cholesterinized antigen, on the other hand, leaves 
almost no reagin free: accordingly, subsequently added antigen has 
practically no effect upon the degree of complement fixation. 


TABLE vn 

Cholesterinized Antigen Has Greater Avidity for Reagin 


1:8 Syphilitic serum, cc. 

a) 0.4 cc. antigen (no cholesterin) 

0.4 

0.2 

0.1 

0.05 

0.025 

Interpretation 

75 minutes; per cent fixation 

b) As in a) ; 0.1 cc. cholesterinized 
antigen added after 60 minutes; 

50 

25 




■Weak fixation by cho- 
lesterin free antigen 

per cent fixation 

a) 0.2 cc. cholesterinized antigen 75 

>90 

70 

40 



Reagin left free by non- 
cholesterinized anti- 
gen bound by sup- 
plementary cholester- 
inized antigen 

nuns.; per cent fixation 

b) As in a); 0.4 cc cholesterinized 
antigen added after 60 mins.; per 

>90 

80 

50 

25 


Strong fixation by cho- 
lesterinized antigen 

cent fixation 

>90 

80 

50 

25 

j 

No reagin left free 
by cholesterinized an- 
tigen 


TABLE vm 


Alcoholic extract of beef heart (antigen — 1 per 









cent solid content), cc 

1.6 

1.6 

1.6 

1.6 

0.8 

BIB 

0.4 

Wiwl 

Cholesterin (2 per cent solution in alcohol), cc. 

EB 

0.1 

0.2 

InB 


0.8 

0.8 

0.8 

Alcohol, cc 

0.4 

0.3 

0.2 

0 


BIB 

0.8 

1.0 

Cholesterin: antigen ratio 

0 

1/16 

1/8 

1/4 

1/2 

1/1 

2/1 

4/1 

Dilution in NaCl n/ 7. 1 cc. of alcoholic mix- 
ture into X cc total volume; dilutions ob- 









tained contain same quantity of antigen 

1-80 

1-80 

1-80 


1-40 

1-40 

1-20 

1-10 


In brief, the effect of cholesterin in increasing the sensitiveness of 
the antigen in the Wassermann reaction is due to the fact that the 
larger particles formed by cholesterinized antigen when it is diluted 



0 0.0025 0.005 0.0075 0.01 0.0)25 0.015 


Syphilitic Serum , c.c. , 

Fig. 3. Effect of cholesterin upon efficiency of antigen in the Wassermann 
reaction. 


% 



Proportion of Cholesterin to Antigen. 

For an Antigen Containing 16% Solid, 

This Corresponds to Following % Cholesterin. 

0 1.6% 3.2% 4.8% 6.4% 

Fig. 4. Effect of cholesterin upon efficienc>’’ of antigen in the Wassermann 
reaction. 
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witli water or saline have a markedly greater avidity for reagin than 
the submicroscopic lipoid particles formed by antigen alone. 

A very significant verification of practical importance is found in 
the following experiment. The amount of cholesterin used to sensi- 
tize the antigen for the Wassermann reaction varies anjTvhere from 
0.05 to 0.2 per cent. The per cent of solids in the antigen is also variable, 
ranging from 1 to 2 per cent, a maximxim cholesterin antigen ratio of 
1/5 and a minimiun of 1/100. As already shown, the effect of choles- 
terin upon the particle size in an antigen sol does not stop at this ratio, 
but continues indefinitely, the only limiting factor being its solubility 
in alcohol. 

If our thesis is correct, i.e., if the sensitizing effect of cholesterin 
upon Wassermann antigen is due solely to its effect upon the particle 
size, this effect should not stop at the commonly employed cholesterin: 
antigen ratio of 1 /5, but should increase indefinitely so long as there 
is any observable effect upon particle number and size (Protocol 5 and 
Figs. 3 and 4). 


Protocol 5 

A series of antigen dilutions in NaCl k/ 7 were prepared as outlined in Table 
Vill, each containing the same amount of antigen, but increasing quantities of 
cholesterin. 

The minimum quantity of a strongly positive s^'philitic serum which would 
give 75 per cent complement fixation (a 4+ reaction) was determined with 0.4 cc. 
of each antigen dilution and 0.4 cc. of 1:10 complement by a method described in 
detail ebewhere (Eagle, 1930, 1). The experimental data are summarized in 
Figs. 3 and 4. 

As predicted, the fortifying action of cholesterin continues indefi- 
nitely. An increase is still effective when the cholesterin antigen ratio 
is already 2/1, i.e., some 10 times as much as is used routinely. For 
an antigen containing 1.5 per cent solid, this means that the addition 
of cholesterin up to 3 per cent does not exhaust the possibilities of sen- 
sitization. The obvious implication is that cholesterin shouldbe added 
up to the limit of its alcohol solubility: antigen containing 0.5 per cent 
cholesterin is roughly !§■ times as sensitive as one containing but 0.2 
per cent. Even more suggestive is the fact that the discover^' of a 
very alcohol-soluble substance sunilar to cholesterin would increase 
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the sensitivity of the Wassennann antigen at least two-fold, for it 
could be added up to 1, 2 or even 3 per cent concentration (see 
Section V). 

IV. Explanation of the Effect of Cholesteriii in the Flocculation Reactions 

It has ahead}'' been shovui (Eagle, 1930, 2) that the flocculation of 
antigen by syphilitic serum is in all respects analogous to bacterial or 
red cell agglutination, or foreign protein precipitation by an antibody 
serum. The reagin globub'n of syphilitic serum is deposited as a film 
of denatured protein around the indmdual lipoid particles, with a 
much higher critical potential than the underlj'ing lipoid antigen (10 
to 15 millivolts instead of 1 to 5), and therefore much more sensitive 
to the flocculating action of electrolytes. Relatively small quantities 
of NaCl (n/20) sufiice to depress the protein-coated particles below 
this critical value, whereupon they can cohere. The diagnostic cri- 
terion is the formation of either optically 'visible aggregates (Kahn, 
Sachs Georgi) or of a single cohesive floccule (hleinicke Klarungs re- 
action, Hinton agglutination test, Muller Ballungs-reaction, Lentochol 
reaction, etc.). 

The coarsened dispersion state of the antigen already sho'wn to be 
caused by cholesterin completely explains its effect in increasing the 
sensiti'vity, i.e., the velocity of this aggregation. 

1. The first and probably most important factor is the increased 
a'vidity of large particles of antigen for reagin, as already discussed in 
connection with the Wassermann reaction (Section III). 

2. Effect of Cholesterin Biilk. — The individual particles of the antigen- 
cholesterol sol are, to all intents and purposes, pure antigen. The 
cholesterin core, masked by the antigen surface, acts as an inert filler, 
replacing just so much antigen. Adding cholesterin 0.5 per cent to an 
antigen already containing If per cent solid is equivalent to increasing 
the antigen content to 2 per cent. This would result in a correspond- 
ingly more rapid flocculation (Eagle, 1930, 4), partially explaining this 
sensitizing action of cholesterol. 

3. Effect of the Sice of Particles upon the Velocity of Their Aggrega- 
tion. — It is ob'vious that the more finely di'vided a given quantity of 
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antigen, the more difficult is the formation of optically visible aggre- 
gates. In other words, a coarser dispersion would correspond to a 
preliminary quasi-aggregation, facilitating by just so much the sub- 
sequent aggregation by sj^philitic serum. Moreover, with coarser 
particles there is less surface, and more reagin per imit surface, which 
also increases the velocity of aggregation (Eagle, 1930, 4). 

Qualitatively, therefore, cholesterin would accelerate flocculation 
because it causes a coarser dispersion of antigen. The quantitative 
evaluation of this effect must await the ultramicroscopic measurement 
of the particle sizes in an antigen, as contrasted with an antigen-cho- 
■lesterin, sol. Thus, if the average particle in an antigen sol measures, 
e.g., 0.05 jLi radius, while the average particle formed by a cholesterinized 
antigen measures 0.5/i, an optically visible aggregate of, say, 2fi radius 
would necessitate the cohesion of 6 X 10* particles of the one, and only 
64 of the other. 

The foregoing applies with even greater force to those reactions in 
which the diagnostic criterion is not just visible aggregation, but sedi- 
mentation (Muller, Lentochol, etc.). The velocity of sedimentation 
is proportional to the square of the radius of the aggregate: and the 
larger the initial particles the fewer need aggregate in order to produce 
rapid sedimentation. 

To summarize, the effect of cholesterin in increasing the sensitivity 
of antigen in the flocculation tests is due to many factors, the relative 
importance of which it is difficult to evaluate. They are listed below 
in what is considered to be the order of increasing importance. 

1. Cholesterin acts as just so much added antigen, known to increase 
the sensitivity of flocculation. 

2. With fewer and larger particles, there is less surface per unit 
antigen and therefore more reagin per unit sruface, with a corre- 
sponding increase in the velodty of flocculation. 

3. The coarse dispersion of antigen caused by cholesterin facilitates 
subsequent aggregation. Fewer particles need cohere to form visible 
or sedimenting diunps. 

4. Large particles such as those seen in an antigen-cholesterin sol 
have an enormously greater avidity for reagin than the amall partides 
formed by antigen alone. 
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V. SUMMARY AND DISCUSSION 

When cholesterinized antigen is dropped into an excess of water, 
the rapid flocculation of cholesterin crystals is prevented by the fact 
that, as tiny aggregates form, they adsorb a protective surface of h}’-- 
drophilic lecithin {i.e., antigen) which endows the particles with its 
own stable surface properties and thus prevents further aggregation. 
The colloidally dispersed antigen-cholesterin particles have approa- 
mately the same isoelectric point (pH 1.9), critical potential (1 to 5 
millivolts) and coagulation value (0.75 m NaCl) as pure antigen parti- 
cles of the same concentration, while the corresponding values for 
cholesterin are pH 2.1 to 3.4 (probably due to an associated impurity), 
>100 millivolts, and <0.001 n NaCl, respectively. 

Presumably, this adsorption of antigen by the cholesterin nucleus is 
determined by the fact that the former has a lower surface tension 
against water. At any rate, many surface active substances (serum; 
alcoholic extract of milk, egg or any animal tissue; Na-oleate; Na- 
glycocholeate; Na-taurocholate) cause a similar stable dispersion of 
cholesterin; and conversely, many otherwise water-insoluble substances 
of the most diverse chemical structure can be made to form a stable 
colloidal suspension by adding antigen to their alcoholic solutions 
before dropping into water. 

The colloidal suspension formed by antigen alone is very finely dis- 
persed: only a few of the particles exceed the limits of dark field visi- 
bility. Cholesterin causes a marked increase in the number of these 
particles, out of all proportion to its mass; thus, one part of cholesterin 
to five of antigen causes a ten-fold increase in such visible particles, 
at the expense of the submicroscopic micellae formed by antigen alone. 
At the same time, the suspension becomes much more turbid. The 
particles remain discrete until the cholesterin: antigen ratio exceeds 
1:1, when slight microscopic aggregation is observed; microscopic floc- 
culation is seen only when this ratio exceeds 5:1, when there is not 
sufiicient antigen to act as an efficient protective colloid. 

Cholesterin therefore causes a coarsened dispersion of antigen by 
forming a relatively large nucleus upon which antigen is adsorbed. 
As sho\\'n in the text, the larger the antigen particle the greater is its 
avidity for reagin per unit surface or mass. Thus, the coarse sol formed 
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by dropping rvater-into-antigen is about twice as efficient as a 
finely dispersed antigen-into-water sol of the same concentration. The 
coarsened dispersion caused by cholesterin completely explains the 
greater sensitivityof the cholesterinized antigen in complementfixation. 

The same factor obtains in the flocculation reactions. In addition, 
the coarsened dispersion acts as a preliminary quasi-aggregation, 
facilitating by just so much the subsequent formation of visible clumps 
(or sedimenting aggregates) upon the addition of syphilitic serum; 
moreover, there is less surface in a coarse sol, with more reagin per 
unit surface, and correspondingly more efficient flocculation. 

The foregoing would be of purely academic interest were it not for 
the following considerations. From several points of view cholesterin 
is unsatisfactory as a sensitizer for antigen. Its solubility in alcohol 
is small. Even the 0.6 per cent concentration used in the Kahn test 
is difficult to keep in solution. Yet, as our experiments show, its 
sensitizing action increases indefinitely with its concentration. If it 
were sufficiently soluble, even 3 per cent could be used to advantage, 
increasing the sensitivity of per cent antigen for complement fixa- 
tion some 200 to 400 per cent, instead of about 50 per cent, as does 
0.2 per cent cholesterin. 

Since, as we have shown, the sensitizing action of cholesterin upon 
antigen is due solely to the coarse dispersion it causes, and since it is 
quite inert during the actual combination of the lipoid particles with 
reagin, it can be replaced by any substance with similar physical prop- 
erties. The problem in hand was therefore to find a water-insoluble 
substance, very soluble in alcohol, with so high an interfadal tension 
against water that, as in the case of cholesterin, microscopic particles 
would adsorb antigen when the alcoholic solution of the two is dropped 
into water. Given such a substance, it would be possible to obtain a 
more sensitive antigen for both complement fixation and flocculation, 
but particularly for the former. 

These theoretical expectations have been realized in a group of sub- 
stances shortly to be reported: they make possible an antigen which 
is from 2 to 10 times as efficient in the Wassermann test as any now 
available. 
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THE KILLING OF COLON BACILLI BY X-RAYS OF 
DIFFERENT WAVE LENGTHS 


By RALPH W. G. W^CROFF, PaD. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, July 14, 1930) 

The experiments to be described in this paper are quantitative 
studies of the rate at ■which colon bacilli die when subjected to known 
intensities of X-rays of various wave lengths. Such measurements 
are of interest for several reasons. They pro'vide a more or less 
accurate description of the comse of this biological reaction and they 
throw a definite, though as yet an indirect, light upon the mechanism 
by which these cells are killed. At the same time they pro'vide an 
essential basis for attempts to alter cells ■without HUing them and 
they give data which have a direct bearing upon the validity of the 
generally accepted principles of X-ray dosimetry as applied to tumor 
and other biological irradiations. 

The biological' and physical^ procedures are the same as those previously de- 
scribed. A few single baciUi (ca. 200 to 300 per square inch) were spread as evenly 
as possible upon the surface of an agar plate and two equal areas were stamped 
upon it. One of these areas was immediately given a measured dose of X-rays, 
the other served as a standard. The ratio of the co'unts made after incubation 
of the number of colonies growing out in the irradiated and standard regions is the 
s^urvival ratio. In any one experiment the X-ray intensity was held constant and 
exposures of enough different lengths of time were made to determine the co'urse 
of the survival ratio-dosage curve. In order that a sufficient number of bacteria 
should be counted to make the results statistically significant, at least ten plates 
were irradiated for each of the chosen exposure times and their results averaged. 
In this way each final survival ratio is the result of coimts of not less than 2000 to 
3000 organisms. Though the quantities thus obtained are called survival ratios. 


' Wyckoff, R. W. G., and Rivers, T, M., J. Exp. Med., 1930, 51, 921. 
* Wyckoff, R. W. G., /. Exp. Med., 1930, 52, 435. 
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they are in reality measures of the destruction of the reproductive function in the 
bacteria. It is possible, particularly with the softer radiations, that this loss of 
ability to divide takes place without cell death. 

The previously described® gas tube, equipped with targets of different metals, 
has been used to obtain the intense beams of X-rays needed for these experiments. 
In this way, killing rates upon B. coli have been measured for X-ray beams con- 
sisting mainly of the K lines of silver, motybdenum, copper and chromium and the 
L lines of silver. Because of the loss of intensity consequent upon filtration and 
the desirability of having the data with the different radiations as comparable as 
possible, no attempt has been made to render the beams in any of these experi- 
ments more nearly monochromatic. The earlier experiments with filtered and 
unfiltered copper raj^s indicate, however, that only a moderate error is introduced 
by this heterogeneity. 

The current through the X-ray tube during the irradiations was held constant 
at either 4 or 8 milliamperes. The peak voltage across it depended on the target 
— for Ag K, Cu K and Cr IC rays it was 34 KV, for Mo K it was 34 or 38 KV and for 
Ag L, 21 KV as measured with a 12.5 cm. sphere gap. The beam intensity was 
determined using the small air ionization chamber described in the earlier experi- 
ments with copper rays. The mol 3 ’'bdenum and silver K radiations are sufficiently 
hard so that this air ionization was taken as a direct measure of the X-rays striking 
the irradiated agar surface. With the other and softer rays, correction was made 
for the amount absorbed in the layer of air between the surface of irradiation and 
the volume giving the ionization current. The length of this air column was 3.2 
cm. Taking the absorption coefficient^ of Cu K radiation as iifp = 8.43, of Cr K 
as 28.0 and Ag L (X = 3.98 A) as 129.3, calculation shows that the measured ioniza- 
tions are 97 per cent for Cu K, 89 per cent for Cr K and 59 per cent for Ag L of 
those due to the X-rays at the irradiated surface. Introducing this absorption 
correction and transferring to standard air conditions, the measured air ionizations 
of the beams used in the experiments of Table I are recorded in this same table as 
the saturation currents due to the ions produced in a cube 1 cm. on its edge. 

Typical experiments giving survival ratios with each of the fore- 
going radiations are reproduced in Table I. The ratios thus obtained, 
as well as those from several similar experiments, are plotted on a 
semilogarithmic scale in Figs. 1 to 5. It is evident that the results 
with all radiations lie on straight lines in these diagrams. 

® Wyckoff, R. W. G., andLagsdin, J. B., Radiology, 1930, 15, 420. 

<Ka 3 'e, G. W. C., X-rays, London, 1923, 4th ed., 145; Jonsson, E., Uppsala 
Univers. Arsskrift, 1928. 
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TABLE I 


Sun'kal Ratios for Various Radiations 


Irradiation times 


Survival ratios for 


AsK 

(0J«A) 

MoK 
(0.7 lOA) 

CaK 

(IA37.A) 

CrK 

(2.29A) 

Ag L 
(3.9SA) 

seconds 






5 

— 

— 

0.714 

— 

— 

10 



0.863 

0.687 

0.629 

— 

20 

0.676 


0.512 

0.392 

0.689 

30 

— 

0.612 

0.277 

0.293 

— 

40 

0.443 

0.491 

0.220 

0.185 

0.518 

SO 

— 

— 

— 

0.128 

— 

60 

0.334 

0.3S0 

. 0.149 

0.100 

0.322 

SO 

— 

0.300 

— 

— 

— 

90 

0.192 

— 

— 

— 

0.263 

120 

0.124 

— 

— 

— 

0.173 

Ionization per 
sec./cm.’ in 1 






cm. of air 

73.1 

94.1 

173.1 

274.5 

133.8 e.s.u. 


8 


<0 


I 

1 


3 



Exposure 


Fig. 1. Data from two sets of experiments with a tube giving silver E radiation 
The ratios of Table I are plotted as the open drdes. 



























Sxicvival ratios 



Exposure 


Fig. 2. Data from two different sets of experiments with a tube giving molyb- 
denum K radiation. The ratios of Table I are plotted as full circles. 


o 


I 

Cj 


a 



Exposure 


Fig. 3. Data fjom two sets of experiments with a tube giving copper K radia- 
tion. The ratios of Table I are plotted as open circles. 
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Analysis 

The same analysis based upon the quantized absorption of X-rays 
which was outlined previously for copper rays is applicable to all 
these experiments. From this standpoint the straight lines of the 
figures are proof that the absorption of one quantum of X-ray energy 
is suf&cient to produce death even with the very soft silver L radiation. 
This agrees with the results of Holweck® and Lacassagne® with B. 
Pyocyaneits. As before, the average or expected number of absorp- 
tions per bacterium can be computed for each experiment from the 
beam intensity, the size of the bacterium and a knowledge of the 
nmnber of ions liberated in air by one quantum of the wave length 
used. A typical calculation® showing the quantities employed through- 
out has already been outlined. The expected numbers of absorptions, 
computed for the several wave lengths of this series of experiments, 
are listed as ‘‘Calculated a” in Table II. Since the survival ratios 
give straight lines when plotted semilogarithmically, they must be ex- 
pressed by an equation of the type 

Ai/Ao = survival ratio = ^ (1) 

The a'’s that are given by the slopes of the lines of Figs. 1 to 5 are 
listed in Table II. If every quantum absorbed were deadly, these 
a’s, would equal the calculated values of a. Since they are much 
smaller, their ratio, a/a', furnishes the average number of absorptions 
which occur before a bacterium is killed. If the volume through 
which a quantum acts were small compared to that of the vital parts 
of a cell, then the reciprocal of this quantity, or a'/a, would measure 
eht volume of the vital elements. Physical experiments indicate that 
this is not the case, however, and as a consequence the ratios a'/a, 
at least for the harder X-rays, are more an index of the size of the 
quantum’s sphere of action than of the bacterium’s vital elements.^ 

®Hohveck, F., Compt. rend., 1929, 188, 197; Lacassagne, A., Compt. raid., 1929, 
188, 200. 

® Wyckoff, R. W. G., J. Exp. Med., 1930, 52, 435. 

^ It is interesting to note in this connection that the curve showing the increase 
in sensitive volume with harder rays is veiy^ similar to curv^es that are obtained 
when the range (in air) of electrons is plotted against their speed (cf. the data of 
Lenard and of Wilson quoted by H. Riistner in Ergebnisse d. med. Strahlen- 
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Nevertiieless, it can with safety be concluded that these cell con- 
stituents which are essential to its life, or at least to its gro^\ih. through 
multiplication, cannot in their sum total have a greater relative 
voliune than a'/a. The “sensitive volumes,” a /a, furnished in 
this way by the several radiations studied are given in Table II. 
Together with their reciprocals they are shown graphically in Fig. 6. 
Since a /a can be as small as 0.014 (for Ag L radiation), the region 
within a colon badUus which must be injured to prevent ceU multi- 
plication cannot be more than this fraction of the bacterial volume. 
The manner in which the curve of Fig. 6 flattens out with increasing 
wave length suggests that the true sensitive volume of this organ i sm 
may not be far from 0.01. These experiments cannot show whether 


TABLE n 



AsK 

Calc. O' 

H 

Obs. a' 

Sensitive volume — 

O' 

a 

Hits to kill ~ 

4.54 

a' ' 

P in expression (2) 



MoK 

CuK 

CrK 

AgL 

n 


1.220 

0.0413 



0.0702 

0.0338 

0.0144 

6.46 

14.2 

29.5 

69.7 


0.0j231 

0.0,150 

0.0,119 


* These numbers refer to the experiment of Table I; the remaining results for 
molybdenum are averages of more than one experiment. 


the sensitive part is a single structure or is the sum of a number of 
smaller vital elements. If, however, as appears natvual, it is associated 
with the chromatin material of the ceU, then the latter is probably true. 

The sensitive volume as calculated above possesses a large possible 
error. At least two factors contribute to this potential inaccuracy. 
One is the non-monochromatic character of the X-ray beams used, 
the other and more important lies in the serious physical problems 
met in measuring such an intense beam of soft X-rays. Consistent 
readings of intensity have been obtained but extended research is nec- 


forschung, Leipzig, 1925, Band I, 229. This suggests that the biological sphere of 
action of an absorbed quantum is less than the spherical volume vrithin vrhich it 
liberates all its ions. 
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essary before their absolute accuracy is satisfactorily kno-wn. The 
previously published results with Cu K rays are in moderate agreement 
with those of this paper. Most of the difference which exists is, how- 



Wave length 


Fig. 6 

ever, to be ascribed to improvements which have been made in the 
measurement of beam ionization. 

It is also instructive to state the killing action of these different wave 
lengths in terms of the energy rather than the quanta absorbed. This 


Sensitive volume 
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can readily be done through the measured air ionization using an 
equation of the form 

A./Ao = (2) 

■where u is expressed in electrostatic units per second per cubic centi- 
meter of air under standard conditions (in roentgen units). The ex- 
ponents iS as found for the ■wave lengths used are given in Table II. 
If the killing 'were proportional to the number of ions produced (in air 
and imdoubtedly also in the bacteria) these fi’s should be constant. 
For the very soft Cr K and Ag L radiations they are definitely smaller 
than for shorter X-rays. If the same amoimt of energy is consumed 
in producing an ion pair in air for all these radiations, as the best 
available information* indicates to be true, then this result must mean 
that more energy is needed to kill a bacterium ■when the quantum is 
small. 


DISCUSSION 

Throughout the analysis -which has been folio-wed in interpreting 
these experiments, it has been considered that differences -which might 
exist in -the resistances of indi-vddual organisms to X- and cathode rays 
were not important. With the high velocity electrons of a cathode 
ray beam where nearly every electron that is absorbed brings about 
death, this conclusion is a necessary one. It is a strong argument in 
favor of its continued applicability that the killing rate of bacteria is 
the same for these electrons and for X-rays throughout the range of 
wave lengths studied. 

The statement is commonly encmmtered that whenever bacteria 
are subjected to an unfavorable en-vironment, be it physical or chemi- 
cal, they die off at a rate which is logarithmic for at least part of 'the 
time. By many it has been thought that such a decrease in bacterial 
count meant that death of these cells was a monomolecular chemical 
reaction; others have asserted that these curves of death are indices, 
not of the mechanism of kilhng, but rather of the relative sensiti-vities 
of the bacteria in the cultures used. The comparative merits of 
these two points of -view have been discussed frequently but not condu- 

* Kulenkampff, H., Ann. d. Physik, 1926, 79, 97. 
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sively.® If relative sensitivities were the predominant factor, then it 
might be expected that the death-rate curves for a particular organism 
would be much the same irrespective of the killing agent. In making 
such comparisons the entire curve and not merely its middle portion 
is significant. When this is taken into account the curves for the 
action of different physical agents are often found to be of unlike shape 
and are not necessarily semilogarithmically linear. Thus experiments 
on the death-rates of spores and of some actively metabolizing bac- 
teria indicate that these rates depend upon both the environment and 
the type of organism. The curves of some of these rates^® seem semi- 
logarithmically linear; others^^ depart widely from such a relation. 

Few of the studies of the effects of radiations on cells give useful 
data. The death-rate of staphylococci when subjected to ultraviolet 
light of a single wave length has been measured.^* These results, plot- 
ted on a suitable semilogarithmic scale (Fig. 7), give a curve which is 
not as straight as the line obtained when this bacterium is irradiated 
with cathode rays but is nevertheless of a smooth multiple-hit type. 
Lacassagne and Holweck have found that the death-curves of B. 
pyocyaneus are straight if killing is effected with Ag L rays but not 
with the still softer A1 K radiation. These facts are opposed to the 
idea that the killing-curves with which they are concerned are pri- 
marily expressions of relative sensitivity. 

Though it is quite clear that this factor of “biological variation” 
cannot be of predominant importance in either the X-ray experiments 
with B. pyocyaneus or in these observations on B. coli, no conclusive 
data exist to prove that it does not occur as a secondary factor to in- 
fluence the foregoing analysis. The experiments bearing most directly 
on this problem are the recent observations of Gates^® showing that 
except possibly in strongly alkaline solutions the survival ratios of S. 
aureus irradiated by ultraviolet light are independent of the pH of the 
medimn in which they grow. Since death-curves" with heat are known 

® See for example papers mentioned in Rahn, O., 7. Gen. Physiol., 1929. 13, 179. 

Bigelow, W. D., /. Inf. Dis., 1921,29, 528. 

See the chart reproduced by Esty, J. R., in Jordan, E. O., and Falk, I. S., 
The New Knowledge of Bacteriology and Immunology, Chicago, 1928, 299. 

Gates, F. L., J. Gen. Physiol., 1929, 13, 231. 

“ Gates, F. L., J. Gen. Physiol., 1929, 13, 249. 
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Fig. 7. A plot of the data of Gates showing the hilli ng rates of Staph, aureus 
for light of wave length X = 2540 A. 
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to be influenced by. the acidity of the medium, this is strong evidence 
that killing rates with ultraviolet radiation are not concerned with the 
sensitivity of the organisms as measured by some other physical 
agents. It is to be expected that sensitivity should be even less im- 
portant with X-rays. 

In so far as results with a relatively small bacterial cell are applicable 
to large tissue cells, the measurements of the amount of ionization 
necessary to produce death for different radiations have a bearing on 
the principles of X-ray dosage. The general constancy of ^ for the 
harder rays of Table II is in good agreement with the assumption that 
ionization, as determined by an air chamber, is an accurate measure 
of the biological action of the rays. The smaller /5’s found for very 
soft rays are, on the other hand, an indication that air ionization data 
with a Bucky “grenz-ray”tube, for example, are probably not, from a 
biological standpoint, accurately comparable with those from the 
more ordinary types operated at higher voltages. 

Valuable help in carrying out these experiments has been given by 
Charles G. Porskieves. 


CONCLUSIONS 

X-ray beams of wave lengths lying in the range between 4 A and 0.5 
A aU kill B. coli in a semilogarithmically linear fashion. Interpreted 
in terms of the known quantized absorption of X-rays, this means that 
one absorption of any of these radiations is sufficient to kill. Though 
death results from a single absorption, only about one hit in four with 
Ag K and one in sixty with Ag L radiation is deadly. The course of 
curves constructed from these experimental results suggests that the 
portion of tins bacterium which is essential to its continued life has a 
total of approximately 0.01 of the cell volume. 

For copper and harder radiations the biological action of the rays 
is proportional to their measured air ionization. The same biological 
change nith the softer chromium K and silver L X-rays seems to re- 
quire a somewhat more intensely ionizing beam. 


Bigelcnv, W. D., op. cit. 



the effect of bacterial variation upon the FAC- 
TORS NECESSAEYFORTHE PHENOMENON OF LOCAL 
SKIN REACTRUTY TO BACTERIAL FILTRATES 

By GREGORY SHWARTZilAX, MJ3. 

{From the Laboratories of the Mount Sinai Hospital, Ne-jo York) 

(Received for publication, June 23, 1930) 

If an injection of a bacterial filtrate into the skin of a rabbit is fol- 
lo'wed 24 hours later by an intravenous injection of a culture filtrate 
of the same or another bacterium there appears an extremely severe 
hemorrhagic necrosis at the prepared skin sites. This phenomenon of 
local skin reactituty was described by the present author (1-12) and 
corroborated by Hanger (13), Ecker and Welch (14), and Frisch (15). 
Among the various phases of the phenomenon thus far studied there 
has been reported the specific neutralizabUity of the reacting factors 
(f.e., intravenous factors) by homologous imm une sera (9, 10). The 
object of the work presented in this paper was to study the serum 
neutralizabihty of reacting factors derived from various stock strains 
of the same bacterium and also to determine the influence of bacterial 
variation upon the serum neutralizability of these factors. 

EXPERIMENTAL 

Horse and rabbit immxme sera were employed in this work. The immunization 
of rabbits was carried out by semi-weekly simultaneous subcutaneous and intra- 
venous injections. Filtrates of 6 day old cultures in tryptic digest broth were 
injected subcutaneously. Unwashed heat-kiUed vaccines were injected intrave- 
nously. Thedoseswereincreasedby25percentateachinjection. The injections 
were carried out for 4 to 6 weeks. 25 cc. of the filtrate was the largest subcu- 
taneous dose and 20 cc. of the vaccine (1 billion organisms per cubic centimeter) 
was the largest intravenous dose. In attempting to prepare sera against J5. 
typhosus rough variants and against a strain of B. typhosus passed through mice 
(Ty 159 Mouse a), considerable difficulties were encormtered because of the high 
mortality rate of the rabbits under treatment. The procedure of immunization 
was then modified for these strains, as follows: 

The initial dose of vaccine was 100,000,000 organisms. The largest dose given 
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at the last injection was 5 billion organisms. Instead of filtrates of tryptic digest 
broth cultures, filtered washings of 24 hour old cultures on solid media were used 
for subcutaneous injections. The first dose wasO.l cc. The largest dose was 3 cc. 

Horse sera were prepared according to the method described in a previous pub- 
lication (9). The length of time during which the immunization was continued 
before each bleeding is indicated in Table II. 

The B. typhosus strains used for the experiments about to be described were 
designated Ty Tt stock, Ty 157 stock, Ty 159 stock, Ty 864 stock, Ty 870 stock 
and Ty 240 stock. The B. coli strains also employed for some experiments were 
called C 42 and C stock. These strains were kept in the laboratory collection for 
from 1 to 4 years prior to this work. 

The colony appearance of these strains on plain agar, with the exception of 
Ty Tl stock and C 42 stock, was of the normal smooth tjpe. The Ty Tt stock 
strain showed colonies which appeared distinctly granular under the low dry 
power. Their margin was ameboid and somewhat ragged but this was not suffi- 
ciently pronounced to classify this strain as rough. This intermediate type of 
roughness was, however, a stable characteristic which persisted during the entire 
year of observation without any change either in the direction of smoothness or 
more pronounced roughness. This stability was ascertained by 42 “platings” 
of this strain. No t 3 pical rough colonies were obtained from old fluid cultures. 

The B. coli strain C 42 stock, kindly sent to me by Dr. Andr6 Gratia 6 years 
ago, was a t 3 pical rough strain obtained by him from a bacteriophage l 3 ^sed cul- 
ture. The colonies were cauliflower and coarsely granular. 

Broth cultures of the various strains, with the exception of Ty Ti, stock and C 42 
stock strains, gave uniform growth after 24 hours of incubation at 37.5°C. The Ty 
Ti. stock strain produced, in addition to the uniform cloudiness, an insignificant 
amount of precipitate which on shaking gave rise to easily broken up flakes. The 
C 42 stock strain grew only on the bottom of the test tube, the supernatant 
broth remaining perfectly clear. 

All the B. typhosus stock strains showed well pronounced motility. 

24 hour cultures of various strains on plain agar were washed in distilled water 
by centrifugalization and resuspended in 0.85 per cent and 1.4 per cent NaCl solu- 
tion. The suspensions were incubated in a water bath at 37.S°C. for 2 hours and 
then placed in the refrigerator for 22 hours. The C 42 stock suspension was com- 
pletely agglutinated but the remaining strains stayed in suspension. 

The various strains were grown in immune sera in order to obtain rough 
variants. The results were as follows: 

12/2/1929, the Ty Ti. stock strain was inoculated into plain broth containing 
1-10 dilution of Serum R-238 (homologous antityphoid rabbit serum). After 24 
hours of incubation at 37.5°C. the growth appeared clumped. The culture was 
further incubated at room temperature until 12/17/1929. At this date it was 
plated out on plain agar. The colonies appeared typically rough. 12/18/1929, 
a rough colony was fished into broth containing 1-10 dilution of Serum R238 and 
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incubated at 37.5°C. for 24 hours and later at room temperature. 1/17/1930, 
the culture was plated out on plain agar and a single colony which appeared dis- 
tinctly rough was transplanted onto a plain agar slant. The rough strain thus 
derived from the Ty Tl stock strain was designated Ty Ti 238 ser* strain. This 
strain grew in plain broth in flaky clumps leaving the supernatant broth perfectly 
dear; it gave complete agglutination in 0.85 per cent and 1.4 per cent NaCl solu- 
tions and was non-motile. The fermentation of sugars was tj-pical of B. typkosus. 
The Ty Tj. 245 ser« strain was prepared from the Ty Tj, stock strain in an identical 
manner e.vcept that Serum R245 was used (homologous antitj’phoid rabbit 
serum) . The strain was also tj'picaUy rough as ascertained by the appearance and 
above described tests. Antitj-phoid bacteriophage, obtained from a convalescent 
typhoid patient in the usual manner, was also emploj'ed in order to induce bac- 
terial dissociation, as follows; 

1/15/1930, a tube of broth containing 1-10 dilution of the bacteriophage was 
inoculated with a young culture of Ty 870 stock strain, incubated for 24 hours at 
37.5°C. and at room temperature for 48 hours and then seeded onto a plain agar 
plate. The colonies which appeared rough were fished into broth containing 1-10 
dilution of the same bacteriophage and again incubated as above until 1/22/1930. 
At this date a third passage of a rough colony was made through the bacteriophage. 
The culture plated out (1/29/1930) gave a number of distinct rough colonies. 
A culture on plain agar derived from a single colony was designated Ty 870 phagej. 
The strain persistently retained its roughness as ascertained several times by the 
tests in plain broth, NaCl solutions, and unchanged appearance of growth on solid 
media. 

B. coli C stock strain was converted into a rough strain by means of seven dail 3 ' 
passages through 10 per cent Serum Hj.g (anti-co/i horse serum) broth. The 8th 
passage yielded typically rough colonies, as proven by the above described tests. 
This strain was designated C rough. 

The other strains of B. typhosus employed here did not imdergo any dissociation 
in spite of persistent attempts, as shovm in the foUovdng protocols: 

Ty 864 stock was passed 12 times through 1—10 dilution of antityphoid horse 
serum in plain broth. The culture of each passage was incubated for 24 hours at 
37.5“C. and 9 days at room temperature, and plated out on plain agar at the end 
of this period. A single colony appearing rough was used for the next passage. 
Four passages yielded colonies which appeared questionably rough. The colonies, 
however, promptly reverted to the normal appearance when subcultured on plain 
agar for several generations. The same strain similarly passed through the anti- 
typhoid bacteriophage did not undergo any change. The other two strains of 
B. typhosus employed in this work (i.e., Ty 159 and 240 stock) were also passed a 
munber of times through antityphoid immune horse and rabbit sera and anti- 
typhoid bacteriophage. No dissociation was accomplished in spite of a large 
munber of passages. 

The various B. typhosus stock strains were also passed through mice in order 
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to increase the virulence of the strains and possibly enhance their smoothness. 
The technique adopted for the purpose was, as follows: 

A 24 hour old agar slant of a given strain was emulsified in 0.85 per cent NaCl 
solution to a turbidity representing appro.vimatel}’’ 1 billion organisms per cubic 
centimeter. 1 cc. of the emulsion was injected intraperitoneally into 2 mice. 
24 hours later cultures were made on Endo agar plates from the heart’s blood of 
the dead or killed mice. The 24 hour old growth on the plates was suspended 
to the above indicated turbidity in 0.85 per cent NaCl solution. One half of 1 cc. 
of the emulsion was used for injection into a mouse. Only heart’s blood cultures 
were emplo5'^ed for passages. The strains passed through mice were designated 
mouse strains, with the name of the stock strain from which they were derived and 
a number indicating the number of passages. None of the stock strains (includ- 
ing the TyTi strain) underwent any change in the appearance of the colonies in 
spite of numerous passages. 

The different stock strains of B. typhosus and B. colt, the variants obtained by 
means of immune sera and bacteriophage and the strains passed through mice 
were utilized as follows: 

I. Serum N eutralizability of B, typhosus and B. coli Reacting Factors 

a. Preparation of Toxic Filtrates. — The toxic filtrates necessary for the phe- 
nomenon of local skin reactivity were “agar washings” filtrates prepared in a man- 
ner previously described (6, 7). These filtrates were designated by their number 
and the name of the strain employed for their preparation. The “mouse” strains 
did not undergo more than one passage through artificial media previous to their 
use for the preparation of to.xic filtrates. The 24 hour old heart’s blood cultures on 
Endo agar plates were seeded into plain broth. The plain broth properly diluted 
served as the inoculum for the Kolle flask agar cultures necessary for the prepara- 
tion of the filtrates. 

b. Titration of the Reacting Factors. — The quantitative measurement of the re- 
acting factors was carried out as follows; 

The rabbits used for titrations were each injected intradermally with 0.25 cc. 
of the undiluted filtrate and divided into groups of four. 24 hours later a single 
intravenous injection of the filtrate diluted in 0.85 per cent NaCl solution was 
given to each rabbit. The dose was 1 cc. per kilo of body weight. Each group 
of rabbits received intravenouslj" a different dilution of the filtrate. The local re- 
actions w’ere read 4 to 5 hours after the intravenous injections. The titrations 
were carried until the lowest dilution was found which gave no reaction 
in the 4 rabbits tested as well as the highest dilution which gave reactions in one 
or more rabbits of the group. The minimal dose of reacting factors was then con- 
sidered as lying between these two figures. If a given filtrate was employed for 
any length of time, repeated control titrations were done. In these control tests, 
the dilutions employed were both the highest dilution capable of eliciting reactions 
and the lowest dilution giving no reactions. This was necessary since a loss of 
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poteacj’ was obtained during storage of filtrates (10, 11) as well as an occasional 
increase in the potencj- such as was recently observed. 

The above described titration of the reacting factors is different from the 
method of titration pre\'iously described (9, 10, 12). In the older e.vperiments the 
object was to demonstrate the serum neutralizability of the reacting factors and 
also to compare the neutralizing potencj- of various sera against one given batch of 
filtrate used throughout the work. For this purpose it was sufficient to determine 
the smallest amount of the filtrate capable of eliciting reactions in a high percentage 

TABLE I 


The Titer of Reacting Factors in Various Bacterial Filtrates 


Ko. o{ 
filtrate 

Strain used (or 
preparation of filtrate 

Highest 
dilution 
of filtrate 
elidtin^ 
reactions 

Per cent 
positive 
rabbits 
vrith 
liigh«t 
dilation 
elidtin^ 
reactions 

LOTTCSt 
dilution 
of filtrate 
sbovrins 

DO 

reactions 

2 ^ 0 - of 
reacting 
units 
per cc. of 
filtrate 

Per cent of positive 
rabbits vrith 
various numbers of 
reacting units 

6 react- 
ing units 

10 react- 
ing units 

Ai3 

Ty Tt stock 

1:400 

so 

1:600 

500 





Asj 

Ty Ti, stock 

1:800 

so 

1:1000 

900 

— 

— 

Ajs 

Ty Tl stock 

1:600 

so 

1:800 

700 

80 

80 


Ty Tl 238 seri 

1:600 

50 

1:800 

700 

— 

— 


Ty Tl 238 seri 

1:700 

25 

1:800 

750 

— 

— 


Ty Tl 245 seri 

1:600 

50 

1:700 

650 

— 

— 


Ty Tl 245 sen 

1:200 

SO 

1:400 

300 

90 

100 


Ty 157 stock 

1:1000 

25 

1:1200 

1100 

70 

100 


Ty 864 stock 

1:400 

25 

1:600 

500 

— 

— 

848 

Ty 159 stock 

1:200 

50 

1:400 

300 

— 

— 

779 

Ty Tl Mouseo 

1:300 

25 

1:400 

350 

— 

— 

838 

Ty Tl Mousejj 

1:500 

25 

1:600 

550 

— 

— 

840 

Ty 159 Mouse 

1:550 

25 

1:700 

625 

— 



971 

Ty 159 Mouse<! 

1:1100 

50 

1:1400 

1250 

80 

80 

980 

Ty 240 Mouse 

1:700 

25 

1:900 

800 

— 



911 

Ty 870 phagej 

1:700 

25 

1:900 

800 

— 

— 

1042 

C stock 

1:900 

50 

1:1100 

1000 

— 

— 

985 

C rough 

1:1000 

50 

1:1200 

1100 

— 

— 


of rabbits. However, in this work, in which studies on the neutralizabUitj- of vari- 
ous filtrates derived from different strains were planned, the method of titration as 
presented in this paper became necessarj- because of its sharper “end point.” 
Table I embodies the titers of the reacting factors in various filtrates. 

As is seen from Table I, all the stock strains tested, as well as their 
variants were capable of producing highly potent toxic substances.* 

* It is interesting to note that provided one area of the skin is prepared the 
amount of reacting factors necessarj- to elicit reactions in the skin of certain rab- 
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As will also be seen from the same table the minimal dose of reacting 
factors produced reactions only in a small percentage of rabbits in the 
majority of instances. In planning the neutralization experiments 
about to be described the question arose as to what was the minimal 
number of reacting units which would yield a high percentage of reac- 
tions and, therefore, could be safely used for these experiments. Var- 
ious multiples of the mim'mal doses were tested in groups of ten 
rabbits. As is seen from Table I, 6 and 10 units already gave a high 
percentage of reactions. 

c. Serum Neutralization of Reacting Factors of Various Filtrates . — The tech- 
nique emploj’-ed for the neutralization e.xperiments was similar to one described 
before (9, 10). One area of the skin of the abdominal wall of a rabbit was injected 
with 0.25 cc. of an undiluted filtrate. 22 to 24 hours later a single intravenous in- 
jection was given of a mixture of the same filtrate (diluted previously in 0.85 per 
cent NaCl solution to the desired degree) with a given undiluted serum in propor- 
tion 4:1. The mixtures prepared on the morning of the experiments were incubated 
in a water bath at 37.5°C. for 1 hour. The precipitate in the mixtures was broken 
up by shaking immediately before the injection. The intravenous dose of the 
mixture was 1.25 cc. per kilo of body weight. The readings of the reactions were 
made 4 to 5 hours after the intravenous injection. Each mixture was tested in 
4 rabbits. If no reactions were obtained in the 4 rabbits tested, the result was 
considered as showing “consistent” neutralization of the reacting factors. If 1 
or 2 out of 4 rabbits tested showed reactions the result was recorded “irregular” 
neutralization, provided not less than 6 minimal doses of the reacting factors were 
present in each 1.25 cc. of the mixture. This conclusion was fully justified since 
the control titrations with this amount of reacting factors showed from 70 to 90 
per cent of positive rabbits (Table I). If 3 out of 4 or all rabbits tested showed 
reactions there was recorded “no neutralization.” 

Table II represents the results of neutralization experiments with 
various amounts of reacting factors of different toxic filtrates mixed 
with constant amounts of certain immune sera. 

As is seen from Table II and Diagrams 1 and 2, two types of neutra- 


bits may be amazingly small. In one instance, 0.0009 cc. of the filtrate was cap- 
able of eliciting a severe hemorrhagic necrosis at the prepared skin site. If one 
also considers that this amount was diluted in at least 100 cc. of rabbit’s blood 
and that a part of it must have been lost in the tissues before reaching the pre- 
pared skin site, the amount actually capable of inducing the lesion is less than 
0.000009 cc. 
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lizations were obtained, i.e.y consistent and irregular neutralizations. 
The irregular neutralizations which take place when the amount of 
reacting factors is increased bej’^ond a certain maximum are most 
likely due to the fact that the mixtures contain a small amount of free 
reacting factors so that only the rabbits possessing a high degree 
of reactivity are able to respond with reactions. Quantitative com- 
parisons of the degree of neutralizability of reacting factors derived 
from various filtrates can be made accurately by determining the 
largest amount of reacting factors consistently neutralized by a given 
serum. It does not appear safe to make quantitative estimations of 
the neutralizability of a filtrate by determining the largest amount of 
reacting factors irregularly neutralized by a serum since the exact 
mechanism of irregular neutralization is not known as yet. However, 
this type of neutralization offers a rough quantitative comparison of 
the degree of neutralizability of various filtrates by a given serum. If 
an analysis of this sort is made on the data obtained, the following 
becomes evident: 

Various stock strains of B. typhosus show striking differences in the 
serum neutralizability of their reacting factors. Out of four strains 
chosen for this work two occupied extreme positions, one showing a 
high degree of neutralizability with strain homologous and strain 
heterologous sera (Ty Tl stock and Sera S 5 and Se) and another strain 
(Ty 159 stock) showing no consistent but only irregular neutralizations 
with the same sera. A horse serum (Horses BleedinguO which was 
prepared by injection of mixtures of various strains including Ty 159 
stock also failed to give consistent neutralizations with Ty 159 stock 
reacting factors, although gi\ing a high degree of irregular neutra- 
lization. The remaining two stock strains occupied intermediate 
positions in the degree of consistent neutralizations, one (Ty 864 
stock) being of lower neutralizability than the other (Ty 157 stock). 
The strains preserved the same differences when tested with the poly- 
valent horse serum (Horses Bleedingm)- The present tentative ex- 
planation of these findings is as follows: 

The reacting factors of the strain showing the highest degree of 
neutralizability appear to be the simplest in their antigenic structure, 
as well as of high antigenicity. The reacting factors of the remaining 
stock strmns appear to represent various degrees of increasing anti- 
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genic complexity, the Ty 159 stock strain being the most complex one. 
The additional complicating components, however, have to be con- 
sidered of low antigenicity, as is seen from the fact that polyvalent 
sera, in the preparation of which there was included Ty 159 stock 
strain, and certain homologous monovalent rabbit sera fail to give a 
high degree of neutralization with these factors. Further proof of this 
contention is brought out by the following work with mouse strains : 

The passage of B. iypJwsus stock strains through mice may or may 
not affect the neutralizability of thdr reacting factors. In one strain 
which was considered above as the simplest in the antigenic structure 
of its reacting factors (Ty Tl stock) there occurred a partial loss of 
neutralizability (Ty Tl Mousesa and Sera S3 and Se). The fact may 
be interpreted as an acquirement of additional components. The 
factors of another strain considered as the most complex ones (Ty 159 
stock strain) showed no change in the neutralizability of the reacting 
factors after 46 passages through mice. However, there occurred an 
increase in the antigenicity of the factors of this strain. This fact is 
well illustrated by the experiments with R-309 serum homologous for 
Ty 159 Mouse<5 strain which shows a high degree of consistent neutra- 
lization with the reacting factors of the latter. 

The passage of a strain through mice is not necessarily accompanied 
by an increase in the antigenicity of the factors of low neutralizability. 
The Ty 240 stock strain which showed factors of low neutralizibility 
was tested with the anti-Ty Tl stock serum (Ss) as well as with an 
anti-mouse-passed-Ty 240-strain serum (Ss) (previous unrecorded 
experiments). Both sera showed low neutralizations with the reacting 
factors of this mouse strain. (Table If, Diagrams 1 and 2.) 

As is also seen from Table H and Diagrams 1 and 2 there occius an 
almost complete loss of neutralizability of reacting factors of the rough 
variants by the anti-stock sera. The change is illustrated by ntuner- 
ous experiments (Ty Tl 238 serj andTy Tl 245 ser., Ty 870 phage^ar. 
Sera S5, Se, Horsess/m and u/m). The loss of neutralizability is as- 
sociated with acquisition of a new antigenic specificity. The “rough” 
reacting factors are consistently neutralized by homologous sera and 
by polyvalent sera, in the preparation of which there were induded 
the rough variants (Serum S3 and coli rough; Typhoid rough strains 
and Sera R-303 and Horsess/us, is/as, u/iis). Moreover, the two B. 
typhosus rough variants (Ty Tl 238 ser* and Ty Tl 245 ser-), both de- 
rived from the same stock strain (Ty Tl), and a liiax6.B. typhosus rough 
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variant (Ty 870 phagej) derived from another stock strain (Ty 870) 
varied in the degree of their neutralizability by anti-rough sera (Horses 
B/iu and iB/iis). The question whether the “rough” reacting factors 
are able to stimulate antibodies against normal reacting factors 
is left open. 

In the work which follows an attempt was made to correlate the 
above findings with the morphological appearance of colonies, agglu- 
tinability and virulence of the various strains and also with the serum 
precipitability and lethal effect of the filtrates studied. 

II. Morphological Appearance of Colonies and the N euiralizahility of 

Reacting Factors 

As is seen from Part I of this paper the stock strains of B. typhosus 
produced reacting factors of various degrees of neutralizability. The 
Ty Tl stock strain, producing factors of high neutralizability and anti- 
genicity and apparently the simplest in antigenic structure, was mor- 
phologically intermediately rough and was capable of prompt trans- 
formation into complete roughness. Studies on other similar strains 
are under way in order to determine whether this correlation can be 
definitely established. The reacting factors of the remaining stock 
strains which differed in neutralizability and were considered more 
complex did not display any difference in the colony morphology, all 
appearing normal. Neither were these strains transformed into rough 
variants in spite of persistent attempts. It appears, therefore, that 
strains of normal colony appearance differ in the neutralizability of 
reacting factors which they produce. 

The different rough variants produced by passage through immune 
serum and bacteriophage appeared of morphologically identical colony 
structure, whilst they differed in the neutralizability of their reacting 
factors. 

The passage of stock strains through mice which may or may not 
result in a change of neutralizability was not accompanied by any 
changes in the morphology of the colonies. 

III. Serum Agglutinability of Various Stock Strains and Variants of 

B. typhosus and the Neutralizability of Reacting Factors 

The tests were performed in the usual manner, except that 0.21 per 
cent NaCl solution was used for making serum dilutions for the agglu- 
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tination of the rough variants. The growrih of rough variants on solid 
media used for the tests was suspended in distilled water, washed by 
centrifugalization and resuspended in 0.21 per cent NaCl solution. 

TABLE m 

Scrum Agglulittaiion of Various Strains of B. typhosus 


Decree of agglutination ^rith various dilutions of sera 
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4-f 

3-f 

3-f 

3-f 

14- 


— 



— 

Ty Tt 238 ser? 

Horse?? BI??? 

4-f 

4-f 

4+ 

4-f 

4-f 

3-f 

34- 

2-f 

14- 

— 



Ty Tt 245 ser. 

Horse?? Bl?;? 

4-f 

4-f 

4-f 

4-f 

4-f 

4-f 

34- 

24- 


— 

— 


= not tested in higher dilutions. 


The results of the agglutination tests with the various cultures, as re- 
corded in Table III bring out the following: 

There are two modes of comparison of agglutinability of various 
strains by immime sera : (a) the agglutination titer, namety , the highest 
dilution of the serum with which agglutination is obtained, and (b) 
the degree of agglutination in various dilutions of sera. The agglutina- 
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tion titer of the stock strains cannot be correlated with the degree 
of neutralizability of reacting factors derived from the same strains. 
For instance, the agglutination titer of Serum S5 is the same for Ty Tl 
stock and Ty 159 stock strains, wliilst there is consistent neutralization 
of 26 reacting units of the first and no consistent neutralization of the 
latter strain. In another example, the reacting factors of Ty 157 
stock strain are neutralized by serum Horses Bleedingiu to a higher 
titer than those of strain Ty 864 stock, but the agglutination titer is 
higher for the second than for the first strain. On the other hand, it 
appears that the degree of agglutination obtained in various dilutions 
of sera may be an indication of differences in neutralizability of stock 
strains of B. typhosus. Thus, should one arrange the strains in order 
of their comparative neutralizability and in order of the intensity of 
agglutination in low dilutions of sera the same order is obtained for 
both. Thus: 1. — Ty Tl stock, 2. — T)’- 157 stock, 3. — Ty S64 stock, 
and 4. — Ty 159 stock would fall in this order. The above described 
observation is to be differentiated from previously reported results 
showing that the agglutinating and neutralizing antibodies do not run 
parallel in immune sera (10). 

The loss of agglutinability due to passage of strains through mice is 
not an indication of a cliange in the neutralizability of the reacting 
factors. For, on the one hand, there is the example of the Ty Tl 
mouse strains wliich, after passage through mice, produced reacting 
factors of lower neutralizability -without change in agglutinability. 
On the other hand, in contrast to this strain, Ty 159 mouse underwent 
a considerable loss in agglutinability without concomitant loss of 
neutralizability of its reacting factors. 

As is seen from the results of agglutination tests with the rough 
variants of B. typhosus and from neutralization experiments of Table 
II the anti-rough agglutinating and neutralizing antibodies do not 
run parallel. In fact, serum Horses Bleedingm wliich was not able to 
neutralize consistently the reacting factors of strain Ty Tl 238 serj has 
a higher agglutination titer than Serum R-203 wliich shows consistent 
neutralization of 43 reacting units of the same filtrate. 

As noted before, various degrees of neutralizability exist among 
rough variants derived from the same stock strain. There appears to 
be parallelism between this and the agglutinability of the same vari- 
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ants by immune sera. (Horsey Bleedingns vs. Ty Tl 238 ser* and Ty 
Tl 245 ser-.) 

No antigen analysis (i.c., somatic and flagellar antigens of Theo- 
bald Smith (22) etc.) of the various strains employed has been made 
as yet.* 

IV. Serum Frecipilahility of Culture Filtrates of Various Stock Strains 
and Variants of B. typhosus and N euiralizahilily of Reading Factors 

The results of precipitation tests with various filtrates and immune 
sera are summarized in Table I\'. 

TABLE rv 


Serum Precipitation of Various Bacterial Filtrates 


Nq. 
of fil- 

Strain used 
for preparation of 

No. of 

Strain used 

Degree of predpitation ^rith varion 
of sera 

5 dilutions 

traic 

filtrate 


serum 


X 

T 

r*i 

»' 

? 

X 

T 

1 

r* 

in 

As3 

Ty Tj. stock 

m 

Ty Tl stock 

4-1- 

3-f 






— 

— 

852 

Ty 157 stock 


Ty Tl stock 

2-f 

2^ 


— 

— 

— 

— 

— 

848 

Ty 159 stock 

Ss 

Ty Tl stock 

4+ 

2-f 

-a. 

— 

— 

— 

— 

— 

839 

Ty Tt Mousea 

Ss 

Ty Tl stock 

4-5- 

A * 

i-f 


— 

— 

— 

— 

971 

Ty 159 Mouse45 

Si 

Ty Tl stock 

4-f 

4-f 



— 

— 

— 

— 

823 

Ty Tl 238 ser- 

Si 

Ty Tl stock 



— 

— 

— 

— 

— 

— 

— 

834 

Ty Tt 245 ser* 

Si 

Ty Tl stock 


— 



— 

— 

— 

— 

— 

A:5 

Ty Tl stock 

R303 

Ty Tl 23S ser- 

2-f 

1-f 

— 

— 

— 

— 

— 

— 

823 

Ty Tl 238 ser*. 

R303 

Ty Tl 238 ser* 

4_t- 

4-f 

i-f 


— 

— 

— 

— 

989 

Ty Tl 245 set; 

R303 

Ty Tl 238 ser; 

4-f 

4-f 

9-U 

1-f 


— 

— 

— 


• * No precipitation was obtained with the filtrate pre\'iously diluted 1 to 4. 


A quantitative analysis of the results cannot be safely made since 
several dilutions of the antigens were not used in every instance. The 
following can, however, be concluded: 

The “rough” reacting factors which are not neutralized bj* anti- 
stock sera are also devoid of precipitinogens for these sera (Ty Tl 238 
ser; and Ty Tl 245 ser- strains and Serum S 5 ). 

* The very extensive literature on inagglutinability of recently isolated B. 
iypkosus strains and antigen cianges occurring in the course of dissociation is 
re\-iewedby Baerthlein (16) and Hadley (17). 
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The appearance of neutralizing antibodies for the “rough” reacting 
factors is coincident mth formation of anti-“rough” precipitins (Ty 
Tl 238 sera and Ty Tl 245 sera and Serum R-303). 

Abundant precipitation between the filtrate and serum may occur 
in spite of low neutralization (Ty 159 stock and Mouse^o and Serum 
Se). 


V. Virulence of B. typhosus Variants and N eutralizahility of B. typhosus 

Reacting Factors 

The various strains tested were transplanted into plain broth pH 7.4. 
1 cc. of a broth culture previously diluted in sterile plain broth 1 : 4 was 

TABLE V 


The Virulence of Variants of B. typhosus 


Total 

number 

of 

mice 

Strain employed 

Amount injected intra- 
peri toneally 

Number of deaths after various 
intervals of lime 

Sur- 

vivals 

3 hours 



96 

hours 

25 

Ty Tl stock 

1 CC. of 1:5 dilution 

2 

IS 

1 

0 

4 

25 

Ty Tl Mouscsj 

(( 

« 

0 

! 14 


0 

8 

25 

Ty Tl 238 sers 

U 

u 

1 

4 


0 

16 

25 

Ty Tl 245 serj 

« 


0 

0 

! 1 

mm 

18 

25 

Ty Tl stock 

<c 

it 

0 

9 


D 

8 


injected intraperitoneally into each mouse. A large number of mice 
were tested in view of the considerable indi\ndual variations of the 
laboratory animals in response to the effect of the colon-typhoid 
group. The results are siunmarized in Table V. As is seen from 
Table V, the passage of the Ty Tl stock strain through mice did not 
increase its virulence. It is clear, therefore, that the cliange in the 
neutralizability of the reacting factors which occurred in the mouse 
strain is not related to its virulence. 

There is an unquestionable lowering of virulence on the part of the 
rough variants of B. typhosus, as compared to the virulence of the 
stock strain from which they are derived. This was previously ob- 
served for the colon-t}q)hoid group by Topley and Ayrton, Jordan, 
Orcutt, White, Goyle, Schiitze and others (17). As is seen from this 
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paper, the lowering of virulence is coincident with a change in the 
neutralizability of the “rough” reacting factors by anti-stock sera. 


TABLE VI 

Lethal Effect of B. typhosus Culture Filtrates upon Mice 



Amount 



1 No. of deatts after various intervals 


No. 

of filtrate 

Strain used for 
preparation of filtrate 

No. of 
filtrate 


Of time 


No. of 

of mice 

Jnjected 
i intmperi- 
1 toneally 







tested 

3 hours 

24 

hours 

m 

m 

survivals 

25 

■ 

Ty Tt. stock 

■ 

3 

17 

3 

0 

2 

28 


Ty Tl Mousea 

834 1 

9 

■a 

2 

0 

1 

28 


Ty Tl 238 serj 

823 1 

8 


0 

0 

4 

25 


Ty Tt 245 ser. 

834 

4 

8 

0 

3 

10 


'table \TI 


Lethal Efect of B. typhosus Culture Filtrates upon Rabbits 


No. of 
filtrate 

Strain used for 
preparation of filtrate 

Intravenous dose 
per kilo of body rveight 

No. 

of rabbits 
tested 

No. of 
deaths 1-5 
hours after 
intravenous 
injection 

No. of 
survivals 

As5 

Ty Tt stock 

1 cc. of 1:100 diL 

4 

1 

3 

Ajj 

Ty Tt stock 

1 cc. of 1:200 dil. 

4r 

1 

3 

Ais 

Ty Tt stock 

1 cc. of 1:400 dfl. 

4 

1 

3 

911 

I Ty 870 pkage, 

1 cc. of 1:300 dik 

4 

1 

3 

823 

Ty Tt 238 sen 

1 cc. of 1:400 diL 

4 

1 

3 

834 

Ty Tt 245 seij 

1 cc. of 1:200 dil. 

4 

1 

3 

834 

Ty Tt 245 sen 

1 cc. of 1:800 dik 

4 

1 

3 

989 

Ty Tt 245 sen 

1 cc. of 1:40 dil. 

4 

1 

3 

989 

Ty Tt 245 sen 

1 cc. of 1:20 dik 

4 

1 

3 

840 

Ty 159 Mouse,! 

1 cc, of 1:800 dil. 

4 1 

1 

3 

840 

Ty 159 Mouse,! 

Icc. of 1:400 dil. 

4 

1 

3 

852 

Ty 157 stock 

1 cc. of 1:300 dil. 

<5: 

1 

3 

852 

Ty 157 stock 

1 cc. of 1:500 dfl. 

4. 

1 

3 

852 

Ty 157 stock 

1 cc. of 1:600 dfl. 

4 

1 

3 

852 

Ty 157 stock 

1 cc. of 1:110 dfl. 

5 

1 

4 


However, there were also differences in the neutralizability of the re- 
acting factors derived from the two “rough” variants by anti-rough 
sera. No differences could be recognized in the virulence of these 
rough variants. 
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VI. The Lethal Effect of B. typhosus Culture Filtrates and Neutraliz- 

ahility of Reacting Factors 

In these experiments mice were injected vitli 1 cc. of each undiluted 
filtrate intraperitoneally. The rabbits* received each a single intra- 
venous injection of diluted filtrate. 

As is seen from Table VI, culture filtrates of variants of B. typhosus 
as well as the stock strain from which they were derived were decidedly 
toxic for mice. It may also appear that the filtrate of one of the rough 
variants was less than the other (Ty Tl 245 sero and Ty Tl 23S ser 2 
respectively). However, no conclusion has been drawn as yet in \dew 
of the extreme variations in the individual susceptibility of laboratory 
animals to the effect of bacterial filtrates. 

As is seen from Table VII, even high dilutions of filtrates irrespec- 
tive of the strains and the type of variants used for their preparation 
proved lethal -to a small percentage of rabbits. It is evident from 
the data brought out here that no relationships can be established be- 
tween the lethal effect of B. typhosus filtrates and the degrees of serum 
neutralizability of the reacting factors present in these filtrates. 
There is an apparent discrepancy between the results on the lethal ef- 
fect of toxic substances derived from rough cultures of the colon-typhoid 
group obtained by the present author and previous authors. Thus, 
Goyle (18) found that the filtrate of the autolyzed culture of the normal 
strain of B. enteridiiis is more toxic than that of the rough strain, the 
tests being made in 6 mice. Schiitze (19) tested washed saline sus- 
pensions of bacteria heated to 60°C. and 100°C. in mice. One mouse 
was inoculated with each dilution. He concluded that the rough 
variant of S-Aertrycke-Glasgow possessed about a quarter of the 
toxicity of its smooth counterpart. Heating to 100° lowered the tox- 
icity of the S-variant by about a quarter but the toxins of the rough 
variant did not appear to be so labile. 

The discrepancy of results may be explained by the fact that the mode 
of preparation of filtrates was altogether different (6) from those em- 
ployed by Goyle and Schiitze and also by the fact that a considerably 
larger number of animals was used (because of individual variations 

* The rabbits used in these experiments were previously injected intradermally 
for titration of the phenomenon-producing potency of the filtrates. 
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in susceptibility oi animals). However, the results of W^te (20) 
support the present author’s contention. He states as follows: “Sa- 
line suspensions of smooth heat-killed baciUi excel those of rough bacilli 
in toxicity. However, alcohol-treated rough B. iyphostis and Salmon- 
ella bacilli exhibit for rats and rabbits a toxicity which hardly falls 
short of that of smooth. It seems probable that the potential toxidty 
of the rough derivative approximates to that of the smooth parent 
organism and that contrasts in actual toxicity are due to differences 
in the rate of liberation within the animal body or into fluid culture 
medium.” 


DISCUSSION 

From predous studies it has been concluded that the phenomenon 
described is the result of a state of induced susceptibility to antigeni- 
cally specific and neutralizable toxins from a great variety of micro- 
organisms produced in tissues spontaneously resistant. Inasmuch as 
this phenomenon can be elicited in various organs and inasmuch as it 
is indicative of severe injury produced by specific bacterial toxic sub- 
stances, it possibly expresses in “acute” form the tmderlying mecha- 
nism in the pathogenesis of spontaneous infectious diseases. In the 
light of this conception various problems of both practical and theoret- 
ical interest present themselves: 

In previous studies the injury produdng factors (i.e., reacting fac- 
tors) of the phenomenon under discussion were shown to be spedes 
spedfic. The work embodied in this paper demonstrates also strain 
and variant spedfidty. 

By the “strain spedfidty” is meant the fact that various strains, 
chosen at random, of a given spedes of bacteria produce reacting 
factors which differ in their neutralizability. The differences are ex- 
plainable on the basis of various degrees of antigenic complexity. 

The “variant spedfidty” is demonstrated by a nmnber of facts. 

The passage through mice induces in certain strains a partial loss of 
neutralizability of reacting factors. This is probably due to variation 
towards smoothness with an increase in the antigenic complexitj’’. 
As a matter of fact, the reacting factors of a strain considered as the 
simplest in their structure rmderwent a partial loss of neutralizabilitj' 
after passages through mice, whilst the neutralizability of reacting 
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factors of a strain found to be the most complex before the passage 
through mice was not influenced by the latter procedure. The other 
type of “variant” specificity is conditioned by the change of a strain into 
rough. The “rough” reacting factors acquire a new specificity. 

The above described changes in the neutralizability of the reacting 
factors taken together cannot be consistently correlated with colony 
morphology, serum agglutin ability and virulence of strains, nor with 
the serum precipitability and general toxicity of the culture filtrates. 
This subject has been taken up in detail in the text. 

Inasmuch as the occurrence of bacterial variation in vivo is a recog- 
nized fact, the relationship established in this paper between the 
neutralizability of toxic substances and bacterial variation offers an 
opportunity to add new data to our immunological understanding of 
the course of typhoid fever and possibly other infectious diseases. 

As seen previously, B. typhosus strains differ in their ability to under- 
go variation. If a given infection is produced by a “normal” strain 
incapable of changing into a “rough” one the toxic substances {i.e 
reacting factors) will be neutralized by the “normal” antibodies devel- 
oping in the course of the disease. However, should the strain be 
capable of prompt change into “rough” the production of antibodies 
will promote the variation and there will appear in the body “rough” 
reacting factors non-neutralizable by the “normal” antibodies. Until 
now, the toxicity and change in specificity of “rough” bacterial fil- 
trates have not been recognized. It was known, however, that once 
a strain becomes rough it loses its \drulence and, therefore, the pro- 
motion of variation might be considered as a helpful process. The 
work embodied in the present paper demonstrates the injury producing 
effect of the “rough” bacterial substances both in general toxicity and 
in their effect upon prepared skin sites. It also demonstrates the 
change in their antigenic specificity. In the light of these facts it 
may be assumed that the course of a spontaneous infectious disease 
would also depend on the ability of a given strain to undergo variation, 
the disease being more protracted when such a change occurs, and 
lasting until the development of the anti-rough antibodies. 

Inasmuch as the reacting factors of normal strains also vary in their 
neutralizability and the degree of their antigenicity, it might be ex- 
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peeled that the course of the disease would also depend on these im- 
munological properties of the invading organisms."^ 

It is probable that the above considerations will prove of importance 
in planning the serum therapy of infectious diseases. Assuming that 
they are so, it would seem necessary to prepare immune sera suffici- 
ently potent to neutralize the “normal” reacting factors even of low 
neutralizability. For this pinpose advantage could be taken of the 
above described increase in antigenicity obtained b}' means of mouse 
passage. The serum should also contain antibodies specific for 
“rough” reacting factors since the presence of such factors may be 
expected a priori in any disease running a protracted course and since 
the injection of anti-normal antibodies \\ill promote their appearance, 
provided the invading organism is capable of the transformation. The 
author is attempting to prepare in this manner antitj'phoid and anti- 
coli immune sera for ultimate therapeutic use. 

CONCtUSIONS AND STUIMARY 

In this paper there is reported the effect of bacterial variation upon 
the reacting factors of the phenomenon of local skin reactivit}' to 
bacterial odture filtrates. By means of the method described in the 
text the following results were obtained: 

Various stock strains of B. typhosus were found to produce reacting 
factors which differed in their neutralizability by anti-stock immune 
sera. The reacting factors of low neutralizability also possessed low 
antigenicity. The passage of strains through mice brought about in 
one mstance a lowering of neutralizability of reacting factors and in 
another instance had no effect. It was possible to increase the anti- 
genicity of the reacting factors by passage of the strain through mice. 

* It is of interest to mention here the work by Durham (21), who many vears 
ago assumed that the original tjTphoid infection is produced by various strains of 
allied bacilli. According to his view, if the different strains are similar, antibodies 
are produced to the several strains and no relapses occur. If a particular strain 
predominates in the primarj' attack, though effective antibodies to this strain mav 
be produced and may bring the attack to an end, few or perhaps no antibodies will 
be produced to the less abundant strains. These strains may then be responsible 
for a relapse. 
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Transformation of “stock” strain into “rough” brought about the 
formation of reacting factors of new specificit5L The “rough” reacting 
factors were neutralized by homologous sera and also differed in their 
neutralizability. 

Reacting factors of various degrees of neutralizability were produced 
by stock strains which did not display any difference in colony appear- 
ance (with one exception). The “rough” reacting factors appeared 
in strains of typical ‘Tough” colony morphology. However, “rough” 
strains 'of the same degree of roughness morphologically differed in 
the neutralizability of their reacting factors. The changes in neutral- 
izabilit)'- elicited by passage through mice had no influence on colony 
morphology. 

There seemed to be a parallelism between the degree of agglutinabil- 
ity of stock strains by anti-stock sera and the decree of neutralizability 
of reacting factors of the same strain. 

It was possible to obtain a partial loss of neutralizability by passage 
through mice vith and udthout change in agglutinability. The ag- 
glutination titer of anti-rough serum was not an indication of its 
anti-rough neutralizing properties. 

The degree of neutralizability of “rough” reacting factors paralleled 
the specific serum agglutinability of the strains producing tliem. 

Abundant precipitation occurred in mixtures of toxic filtrates and 
immune serum in spite of low neutralization. The filtrates of rough 
cultures non-neutralizable by anti-stock sera failed to precipitate with 
the latter. The appearance of neutrahzing anti-rough antibodies was 
coincident with the development of anti-rough precipitates. 

The rough strains possessed a lower virulence than the stock strains 
from w^hich they were derived, How'ever, there w^as no difference in 
the \irulence of “rough” strains, tlie reacting factors of which differed 
in their neutralizability. The filtrates containing “rough” reacting 
factors w'ere seemingly as lethal to mice and rabbits as were filtrates 
of stock cultures of B. typhosus. 

The possible relation of these findings to the immunological under- 
standing of the course of infectious diseases and to serum therapy 
is discussed. 
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CHAPTER I 


REACTION OF THE CONNECTHTE TISSUES OF THE 
NOR]MAL RABBIT TO LIPOIDS FROM THE 
TUBERCLE BACILLUS, STRAIN H-37 

Bv FLORENCE R. SABIN, M.D., CHARLES A. DOAN, M.D., a^-d CLAUDE E. 

FORKNER, M.D. 

Plates 1 to 7 


INTRODUCTION 


This series of studies represents an effort to analyze how far each 
one of the manifestations of tuberculosis can be related to specific 
chemical substances isolated from the tubercle bacillus. The factor 
considered here is the production of new tissue, with the formation of 
the tubercle as the most significant element. We shall show that the 
substances from the tubercle bacillus which give typical tubercular 
tissue are limited to the lipoid fractions. Epithelioid cells are not 
produced in the normal animal by the soluble tuberculo-proteins or by 
the polysaccharide derivatives. The fractions used were from the 
human strain of tuberde bacilli, H-37; but comparative studies are 
being made with fractions from the bovine and avian strains as weU 
as from the timothy grass bacillus (1). These studies with the lipoids 
have been made for the most part in the normal rabbit. 


During the years since 1891, when Koch (2) first reported his observations on 
the effect of injecting killed tubercle badUi, many studies have been made of the 
changes produced in tissues by dead tubercle bacilli and by lipoids extracted from 
them; the reactions produced by other lipoids extracted from various badlli and 
from certain of the.organs of the body, such as the liver, have also been described, 
^is literature was analyzed in our first report on the biological reactions to frac- 
tions from the tubercle badllus (Sabin and Doan, 3). Weyl (4) was the first to 
use chemical extracts from the tubercle bacillus in such work. As a result of 
many studies, the effect of any lipoid injected into the tissues has come to be con- 
sidered as belonging to the common tj'pe of the so-called foreign bod 3 ' reaction 
(i lorse and Stott, 5; Ray and Shipman, 6). The individual differences in results 

3 
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LIPOIDS FROM TUBERCLE BACILLUS 


are difficult to evaluate both on account of an inadequate chemical separation of 
the different types of lipoids and because of obscurities in the analysis of the com- 
plex effects in the tissues. In general they indicate that the tubercle, the lesion 
which, in association with the tubercle bacillus, is characteristic of the disease, can 
be produced either by dead tubercle bacilli or by lipoids extracted from them. 

The chemical fractions have been made available through a plan for cooperative 
research organized by the Research Committee of the National Tuberculosis 
Association (William Charles White, Bureau of Hygiene, Washington, D. C., 
Chairman). Acid-fast bacilli of standard strains have been grown in large quan- 
tity under uniform conditions, on Long’s s)mthetic medium, b}’’ H. K. Miffford 
Company and by Parke, Davis and Company. A complete bibliograph}’’ of all 
the work under this Committee has been published recently by the National 
Tuberculosis Association (1). Chemical analj’ses of bacilli and filtrate have been 
made b}' Dr. Treat B. Johnson and Dr. R. J. Anderson and their associates at the 
Sterling Chemistry Laboratory of Yale University, and of the filtrate by Dr. E. 
R. Long and Dr. F. B. Seibert, Department of Pathologjq University of Chicago. 
So comprehensive has been the plan of this work that chemical products of uniform 
standard, certainly products that can be used for comparable biological studies, 
are now becoming available in considerable quantities from each of the several 
members of the acid-fast group of bacteria. 

In these papers we shall use the terms “tuberculous” and “tubercular” in the 
senses recommended by the National Tuberculosis Association. “Tuberculous” 
tissue and tubercle will be understood to mean lesions produced in the actual 
disease, and hence under the influence of the tubercle bacillus; while “tubercular” 
tissue and tubercle-like structures will be used to describe lesions resembling those 
of the disease, but produced by the chemical products from the bacillus. The 
need for the term “tubercular” is an indication that lesions resembling tubercles — 
more specifically, diffuse and massive collections of epithelioid cells — occur in 
other pathological conditions than those set up by the tubercle bacillus. In this 
paper we shall refer to lesions produced by chemical fractions from the tubercle 
bacillus, involving epithelioid cells and giant cells of the Langhans tjqie, as char- 
acteristic “tubercular” lesions whether the epithelioid cells are diffusely scattered 
in a tubercular granulation tissue, or are in the form of compact clumps or tubercle- 
like structures. All the other connective tissue reactions found in the disease and 
reproduced by the cliemical fractions, such as the draining of leucocytes from blood 
to tissues, increase in cell division or in phagocytic acti^dty of clasmatocytes, 
foreign body giant cells, increase in undifferentiated fixed connective tissue cells, 
or in fibroblasts, new growth of blood vessels, increase in lymphocytes either from 
the blood or from a local development in the tissues, will be spoken of as general 
or non-specific lesions. 

During recent years, the development of methods for studying living 
cells the supra\’ital technique and by tissue culture has given new 
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criteria for estimating and differentiating biological reactions. These 
studies have made it possible to detect epithelioid cells, the essential 
cellular imits of the tubercle, in fresh tissues, even when they are few 
and scattered, with more certainty than in sections. In a study of 
giant cells with the supravital technique, reported in this monograph 
(7), evidence is cited to show that the so-called Langhans giant cell 
is a direct derivative of a single epithelioid ceU, whereas the foreign 
body giant cell (8) results from the fusion of monocytes, epithelioid 
cells, and possibly other mononuclear cells. The name epithelioid 
giant ceU has therefore been suggested for the former type to indicate 
that it is a multinuclear epithelioid cell. It has been shown that in 
the disease tuberculosis, and around foreign bodies as well, both types 
of giant cells occur, but in varying proportions according to the tjqje 
of stimulus. As is well known, the epithelioid giant ceU predominates 
in tuberculosis. 

It is feasible therefore to stress the production of epithelioid ceUs 
and epithelioid giant cells, in contrast to other mononuclear and multi- 
nuclear forms, as perhaps the most significant factor in the pathologj' 
of tuberculosis. 


REACTION TO THE PHOSPHATIDE A-3 

In the anatysis of the lipoids made by Anderson, a phosphatide 
designated by him A-3 has proved to have the most significant bio- 
logical properties. It not only produces tubercular tissue in greatest 
amount, but it may act as an antigen; in the one instance its effect 
is to increase the lesions of the disease, in the other it may tend to 
reduce them. The specific ceUular stimulant in the phosphatide is a 
saturated fatty acid. 

F rom Table I it wUl be seen that we have received from Dr. Anderson* 
(9) four lipoid partitions, a phosphatide A-3, a so-caUed purified wax, 
a soft wax, and glycerides. Their respective solubilities are shown in 
the table. The total lipoids Dr. Anderson reports as about 24 per 
cent of the dry badlh. Strain H-37. The waxes comprise 46 per cent 
(11 per cent of the dry baciUi); and the phosphatide 20 per cent (5 

* Beside the references of papers already published, Dr. .Anderson is now writing 
a complete account of his chenncal analyses up to the present time. 
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REACTION TO THE PHOSPHATIDE A-3 


per cent of the dry bacilli) . In the lower half of the table are listed 
the chemical products derived from the four major fractions, so that 
it is possible to compare the biological activity of the larger molecules 
of the original fractions with the active principle for the foimation of 
epithelioid cells. 

Of all the lipoids tested, the phosphatide A-3 and the saturated fatty 
acid derived from it are the most potent in producing tubercular 
tissue. The other lipoid fractions, purified wax, soft wax, and glycer- 
ides, contain active fatty acids to a less degree. 

In any study of the action of the lipoid fractions with respect to 
their power to produce lesions, the route of injection is important. 
At the present time we shall discuss the effects of the intraperitoneal 
route only; the effects of intravenous (10) and subcutaneous injections, 
also significant, require separate presentation. 

The lipoids produce a marked new growth of general connective 
tissue as well as tubercular granulation tissue and tubercle-like struc- 
tures; only the development of epithelioid cells is stressed in the table, 
and is designated by the words “tubercular tissue,” or “epithelioid 
cells,” or “giant cells” (the Langhans or rosette giant cells, derived 
from the epithelioid cell). 

The criteria which have been met for the designation of any reac- 
tion as “specific,” or positive, are as follows: 

1. The maturation and multiplication of new monocytes. The epithelioid cell 
is not the immediate reaction to active chemical substances. Preceding its appear- 
ance there is a maturation of new young monocjdes, identified with the supravital 
technique by their characteristic reaction to neutral red and demonstrated in 
sections in division. An active cell division is an important feature, since, though 
monocytes occur normally in considerable numbers in the omentum of certain 
rabbits, the specific lesions produced involve an increase in these cells. 

2. The occurrence of epithelioid cells by the 4th day. 

3. The presence of epithelioid cells, after from seven to twelve daily doses, 
readily demonstrable, in the supravital technique, as the predominating reaction, 
and giving in fi.ved sections structures which closely simulate the tubercles of the 
disease. 

The criteria for the identification of the living monocytes have been given in a 
pre\ious publication (11). The essential features are the rosette of small bodies 
that react to neutral red with a uniform salmon tint and the masses of tiny mito- 
chondria around the rosette and excentric nucleus. The characteristics of the 
li\'ing epithelioid cell stained with neutral red have been described by Cunningham 
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ct al. (12). In our first report on the action of the chemical fractions (3), an epithe- 
lioid cell from the blood stream of a rabbit with tuberculosis (Fig. 3) was shown on 
the same plate with a similar epithelioid cell (Fig. 5) produced chemicallj' by the 
phospholipin. In the epithelioid cell the rosette is large owing to the enormous 
numbers of tiny bodies reacting to neutral red as do the fewer bodies of the normal 
monocj'te. 

There is some difference of opinion concerning the relationships of the cells of 
the connective tissues; one group of investigators regard all mononuclear forms 
as different phj'siological states of the same strain of cells; another group hold the 
opinion that they represent different functional strains. The evidence at hand 
seems to us to give weight to the view that monocytes, epithelioid cells, and the 
rosette giant cells derived from epithelioid cells, represent a strain of connective 
tissue cells somewhat different from the macrophages or clasmatocytes. WTiether 
this view be correct or not, the tissue reactions recorded as positive in these e^eri- 
ments embrace a major response of cells answering to the above criteria for mono- 
cyte, epitheh'oid cell, and Langhans’ giant cell. 

Our first report (3) included the preliminary biological testing of the 
phosphatide, designated A-3, from the human strain of tubercle baciUi 
H-37. Four rabbits (R 153, R 158, R 159, and R 160) were given 
twelve intraperitoneal doses of the phosphatide in amounts averaging 
80.mg. per dose, in 10 cc. distilled water. The phosphatide produced 
massive tubercmlar tissue in the omentum, under the serosal coat of 
the intestine, in the mesentery, and imder the parietal peritoneal 
lining. The reaction was predominately one of epithelioid cells 
and Langhans’ giant cells, either diflFusely scattered or aggregated into 
clumps simulating tubercles, as illustrated in Figs. 10, 11, and 12 in an 
earlier report (3). The animals showed no toxic sjunptoms; there was 
no fever and no loss in weight. There was a definite rise in monoc 3 d;es 
in the blood, with some qualitative changes suggestive of the transi- 
tion from monocyte to epithelioid cell, not, however, as marked as 
in the disease itself. There was in each case a slight fall in red cells 
and in hemoglobin. 

These observations have since been confirmed and extended in a 
large series of animals. 

In the present study, twenty-one normal rabbits (Table H) received the phos- 
phatide .A-3 intraperitoneally, uncomplirated by other procedures. Thus, with 
the four of the preceding report, twentj'-five animals have been included in the 
work. The dose which has been generally used, 80 mg., represents the amount 
of the phosphatide in 1.6 gm. of bacilli, this substance amounting to 5 per cent by 
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weight of the dry bacilli, the phosphatide was first isolated in 1927, it was 

possible to get a fine dispersion of the particles by shaking the substance in water 
in a test-tube. Two years after the original isolation, it was found necessarj’' to 
grind it in a mortar while adding water drop by drop. In this manner a uni- 
form suspension could be obtained in which no flocculi could be seen with a hand 
lens and from which none settled out on standing. 

The original finding of massive tubercular lesions and the fact that the phospha- 
tide is non-toxic via the intraperitoneal route have been confirmed. Out of the 
group of twenty-five rabbits, four became ill, probabl}’’ independently of the injec- 
tions, except in so far as there was accidental secondary infection. Two (R462 and 
R 321) developed diarrhea; one (R 462) died, but the cause of death could not be 
determined at autops}’-; there was no peritonitis or pneumonia. The other (R 321) 
was killed and showed no peritonitis, but in one lung there was a patch of atelecta- 
sis in which the bronchi were filled with leucocytes and the l}Tiiphatics with a 
coagulum. A third animal (R 463) died of pneumonia, and a fourth (R 376) died 
of undetermined cause. To the group of twenty-five rabbits, fifteen more may be 
added, in connection with obser'i’-ations as to the non-toxic nature of the phospha- 
tide. Each of them received twelve intraperitoneal injections of 80 mg. of the 
phospholipin and was then inoculated with living tubercle bacilli. None of these 
fifteen animals showed any sjTnptoms from the phosphatide injections. 

In the studies with the phosphatide there have been no complica- 
tions from the presence of a diluting menstruum; tlie sterile dis- 
tilled water used was itself inert to the connective tissue cells. With 
the four exceptions just mentioned, there has been no infection. The 
phosphatide itself could not be sterilized, but other precautions for 
sterility were taken, and when there were signs of infection carried in 
from tire skin or from puncture of the intestine by the needle, cultures 
were taken. Routine cultures were not made. A smooth and glisten- 
ing serosal lining was taken as e%'idence of no peritoneal infection. 

Twenty-four of the forty animals which received intraperitoneal 
injections of the phosphatide had complete studies of the blood cells. 
There w’as a tendency to an irregular rise of monocytes in the peripheral 
blood, averaging 20 per cent of the total white blood cells at the highest 
point, with a range of from 12 to 40 per cent, and total numbers of 
from 1,250 to 7,500 monocytes per c.mm. 

Fifteen of the rabbits show'ed an average fall in the total red blood 
cell count of 850,000 per c.mm., and a decrease of 10 per cent in the 
hemoglobin during the injections (see (3), Charts 4 and 5). To as- 
certain if this slight anemia should be attributed to the phospha- 
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tide per sc or to other factors involved in the experiments, four 
controls were made. 

Rabbit R 709 was given twelve daily intraperitoneal doses of 10 cc. of distilled 
water; R 730, twelve doses each of 10 cc. normal salt solution; R 664 twelve doses 
each of 10 cc. normal saUne plus 80 mg. of the phosphatide; and R 1016 one dose 
of 1 gm. of phosphatide in 20 cc. distilled water. The rabbit receiving repeated in- 
jections of distilled water (120 cc. total) did not show anemia at any time, whereas 
the other three animals each developed a definite anemia in the course of the 
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experiment. Chart 1 records the blood changes observed in Rabbit R 1016 over 
aperiodof 11 days, following one injection of Igm. of phosphatide intraperitoneally 
in 20 cc. distilled water, an amount of phosphatide equivalent to that usually 
injected in divided doses over the same period. Not only was there a definite, 
though transient decrease in red blood cells, but the circulating monocvtes, on the 
5th day after the injection, reached 7,300. 

From these experiments and others in "which the intravenous route 
was employed, it is evident that the phosphatide itself has a tendency 
to produce an anemia; it is also clear that, as the monocytes are in- 
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TABLE 11 
Protocols 

The Eject of Inlrapcritoncal Injections of Phosphatide A-3 from Tulcrde Bacilli, 
H-37, Given in Distilled Water, in Producing Tubercular Tissue in 21 

Rabbits 


yo. of 
rabbit* 

Dose 

Results 

RS19 

1 dose of 80 
mg. in 10 cc. 
aq. dest. 

Milk spots of omentum accentuated by phagocytosis of lipoid 
in large round cells. Marked emigfation of leucocytes and 
dilatation of vessels 

R574 ! 
R820 

2 doses of 80 
mg. 

Milk spots increased in size and number by phagocytic cells. 
Free leucocytes fewer; many engulfed in clasmatocytes 

RS75 j 
R821 j 

3 doses of 80 
mg. 

Milk spots more massive and more numerous. Phagocytic 
cells predominate; leucocytes few and mostly in clasmato- 
cytes. Monocytes and epithelioid cells in active division 

R478 

1 

7 doses of 10 i 
mg. 

Omentum contains many small groups of epithelioid cells; 
many dividing 

R482 j 

15 doses of 20 
mg. 

Omentum, slight general thickening with epithelioid cells 

R462 

5 doses of 80 
mg. 

Developed diarrhea; found dead, cause not determined; no 
peritonitis. Omentum showed increase in young basophilic 
mononuclear cells and epithelioids. No tubercle-like 
structures. No giant cells 

R463 

6 doses of 80 
mg. 

Died of pneumonia. Omentum considerably tliickened with 
diffuse epithelioid cells. Tissues infiltrated mth leucocj'tes. 
Many abscesses 

R664 

11 doses of 80 
mg. 

Thin central part of omentum showed milk spots of epithe- 
lioid cells; rest e,T:tenslvely thickened with tubercular tissue 
of great variety. Epithelioid cells and epithelioid giant 
cells 

R 319 
R32I 
R376 
R 3S0 
R3S1 
RoS2 
R383 

11 to 14 doses 
of SO mg. 

Omenta massively thickened with tubercular tissue. Peri- 
toneum e.'jtensivcly involved. Omenta of R 376, R 3S0, 
and R 381 used by Dr. Anderson for recovery of a phos- 
phatide by chemical analysis. Omenta of R 319 and R 
382 used by Drs. Richardson, Lobell, and Schorr for re- 
spiratorj’ tests. R 321 developed diarrhea and was killed; 
tissues showed marked necrosis. R 376 died, cause un- 
determined 


* These arc serial numbers of the work of the department covering a term of years. 
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TABLE n — Concluded 


No. of 
mbbit 

Dose 

Results 

R1016 

1 dose of 1 gm. 
in 20 cc. aq. 
desL 

Central area of omentum was thin but had large mUk spots 
of epithelioid cells. Rest of omentum massively thickened 
with tubercular tissue; tj-pical epithelioid cells and epithe- 
lioid giant cells with fine neutral red bodies predominating 

R368 

13 doses of 80 
mg. 

1 

Killed 1 mo. later. E-vcellent state of nutrition; gain in 
weight from 2^300 to 2,750; much yellow adipose tissue; 
adhesions opposite place of injections. Omentum adher- 
ent; considerably thickened with scattered epithelioid cells 
and small tubercle-like masses. Richly vascularized 

R 377 

tt 

it 

Killed 3 mos. later. Eicellent condition; gain in weight 
1,800 to 2,475. Omentum much less thickened but had 
more adipose tissue than usual. No scattered epithelioids 
but several compact nodules with a few epithelioid pant 
cells 

R379 

a 

ti 

Killed 3 mos. later; gain in weight from 1,840 to 2,530. .Ad- 
hesions opposite place of injection. Omentum moderately 
thickened with fibrous tissue. Only two nodules of epithe- 
lioid cells large enough to see in the gross. No di£use 
epithelioid cells but a few small clumps 


creased in the tissues, irregular showers may appear in the peripheral 
blood. Further analyses of the effects of the intravenous phosphatide 
on the bone marrow are being made and will be reported later. 

The injection of living or dead tubercle bacilli is followed in the 
first 24 hours by an emigration of ieucotytes from the vessels into the 
tissues and their subsequent phagocytosis by clasmatocytes. Wi thin 
4 days epithelioid cells appear, followed by the development of 
tubercles (Kageyama, 13, and Lewis and Sanderson, 14). The same 
acute response, an emigration of leucocytes and their destruction bj' 
clasmatocytes, follows the intraperitoneal injection of every substance 
isolated from the bacUlus. The different substances vary however 
considerably as to whether repeated injections cause a fresh emigration 
of the leucocytes or not (Table 11). 

Of all the lipoidal substances it is the phosphatide, not the so-called 
waxes, that produces the most massive tubercular tissue. The reac- 
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tion to tlie injection of the phosphatide A-3 following one, two, and 
three doses is, however, complex and does not consist in the immediate 
formation of epithelioid cells either diffuse or in tubercles. After from 
seven to fourteen doses the formation of massive tubercular tissue is 
constantly found. 

24 hours after the first dose (Rabbit R 819), the most striking change in the 
peritoneal cavity was in the omentum and consisted in the accentuation of the 
milk spots (protocols in Table II). This was due in part to the emigration of 
large numbers of neutrophilic leucocytes into the milk spots, but more to the fact 
that all the cells of the milk spots had rounded up and became highly phagocytic 
both to the lipoid and to leucocj^tes. Since the milk spots of the normal omentum 
in the rabbit are made up of monocytes, young clasmatoci'^tes, and still more 
primitive cells, all of these types must be involved in the original phagocytosis of 
the phosphatide. 

After the second dose (Rabbits R 820 and R 574), the milk spots were denser 
with phagocytic cells, but the free leucocytes were less in number because those 
called out early had been largel}’’ phagocytized and the second injections did not 
produce as much irritation as the first. Following the third dose (Rabbits R 821 
and R 575), only a few leucocytes remained either free or in clasraatocytes, and 
the further injections of the phosphatide did not call out more leucocytes from the 
vessels. 

At first the process was limited to the original milk spots; but by the third dose 
new milk spots were forming. In the supravital preparations the dense milk 
spots were made up of large round cells of nearly uniform tj^pe heavily loaded 
with large vacuoles which stained a uniform red color in neutral red. In fixed 
sections these cells appear highly vacuolated (Plate 1, Figs. 1-3, Rabbit R 821), 
the lipoidal substances having dissolved out in the dehydration and embedding. 
Stained for fat, these cells were negative to Sudan III; with Scharlach R most of 
the material was negative, but along the edges of the large, unstained globules 
were great numbers of tiny droplets which stained with the characteristic reaction 
of a fat. The phosphoh'pin itself did not stain either with Sudan III or with the 
Scharlach R, so that if this intracellular material which gives the fat reaction came 
from the phosphatide, it must have been the product of some change within the 
cells. 

On Plate 1, Fig. 1, one of the vacuolated cells (upper left corner) contains a 
leucocyte partly digested, and in Fig. 2 there are two such cells, each containing a 
leucocyte with the nucleus still recognizable, and a third, near the center, showing 
only debris. This reaction after three doses is minimal, and it will be noted that 
there is only one free leucocyte (Fig. 2) in the three figures. 

The milk spots as studied in the fresh omentum and in sections had a few smaller 
cells, well shown in all three figures, and identified as monocytes and epithelioid 
cells. Two cells are clearly shown along the left border in Fig. 1, one of them with 
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the dense cj-toplasm and excentric nucleus characteristic of a small epithelioid 
cell. A small group of young mononuclear cells is in the center of Fig. 3, tv.-o of 
them in division. This material showed much cell division, most frequently in 
the tv-pical monocj’tes; the highly vacuolated cells however showed an occasional 
nuclear figure, while the endothelium of the small vessels and the adventitial cells 
were dividing freely. In this tissue on the 4th day after the first dose, the vacuo- 
lated cells predominated, while monocytes and tj-pical epithelioid cells were in 
minimal numbers; but later the reverse was the case, the maturation of new 
monocv-tes and their transformation into epithelioid cells becoming the dominant 
reaction. 

During the 2nd week of the reaction in the omentum to repeated injections of 
lipoids, the adipose tissue became gradually replaced by the new tubercular tissue 
and during this process fat cells appeared vacuolated in sections, owing to the 
breaking up of the fat into smaller ^obules. In the shrinking fat cells the drop- 
lets readily reacted to Sudan IH, and thus these cells could be discriminate from 
the cells of the early reaction to the phosphatide in which most of the material 
was negative to fat stains. 

All the animals in Table n which received from seven to twelve 
doses of the phosphatide exhibited a formation of tubercular tissue, 
the amount of which was in a general way proportional to the dose. 

Rabbit R 478 had seven daily intraperitoneal doses of 10 mg. of the phospholipin 
in 2 cc. of distilled water and the omentum was studied 24 hours after the last 
dose. In this tissue, small clumps of epithelioid cells were found (Plate 2, Fig. 5). 
The total amount of the phosphatide given, 70 mg., was less than the average 
single dose, 80 mg. In this rabbit the omentmn had accentuated milk spots but 
there was not enough of the new tissue to cause in the interspaces any change de- 
tectable with the unaided eye; nor was there any replacement of the fat by the 
specific tubercular tissue, that is, there was no thickening of the membrane. 
This condition in which only the milk spots are involved represents the first stage 
in the reaction in the omentum. Supravitally the milk spots themselves consisted 
predominantly of epithelioid cells. Some of them had two nuclei, but no larger 
giant cells were seen. The sections also show that the milk spots are clumps of 
epithelioids; in Fig. 5 is a dump of about twentj' t>’pical epithelioid cells, one of 
which is in division. The cells show the dense cytoplasm and the excentric nude! 
characteristic of epithelioid cells of the actual infection. Note the absence of 
leucocytes both in this figure, and in Fig. 6. 

In Fig. 6 is shown a similar small tuberde-like structure taken from the wall of 
the cecum just under the serosal coat in a rabbit (R 319) which had twelve intra- 
peritoneal doses of 80 mg. of the phosphatide. It will be observed that these 
epithelioid cells have a much less dense cytoplasm than those of Fig. 5; in fact, 
except for a central core the entire cytoplasm appears foamy. In the supravital 
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technique, these cells had larger bodies reacting to neutral red than those in the 
typical epithelioid cell. This difference in size of neutral red bodies can be seen 
in the photographs from living cells from Rabbit R 664 (Plate 1, Fig. 4, and Plate 
3, Figs. 7 and 8). This rabbit received eleven doses of 80 mg. of a phosphatide 
sample 2 years old. The reaction was typical but not as massive as with the 
animals experimented on earlier with the same dosage. In the omentum of this 
animal (R 664) there was in the gross a marked accentuation of the milk spots, 
shown in Fig. 4, but not enough change in the interspaces to be detected with tlie 
unaided eye. Fig. 4 is not from a section but from a spread of the omentum 
supravdtally stained with neutral red and photographed while the cells were still 
living. The milk spots showed an almost uniform reaction; the cells in the center 
of the photograph are paler, merely because they were beginning to fade. This is 
perhaps as pure a reaction toward one t3q)e of cell as can be obtained in the tissues 
of the animal; it is, so to speak, a culture of epithelioid cells in the omentum. Fig. 
7 shows the edge of one of the milk spots in the same omentum at a higher magni- 
fication; there is one giant cell of the rosette type. This giant cell and the epithe- 
lioid cells near it show the bodies which react to neutral red, and photograph dark, 
as larger and more irregular in size than the neutral red bodies in the two cells of 
Fig. 8, taken from an interspace of the same omentum. In the latter figure the 
bodies are finer and more densely packed. In this animal the vast majority of the 
cells were of the type with the coarser neutral red bodies, and in fixed sections the 
majority of the epithelioid cells had a foamy cytoplasm intermediate in type 
between the cells of Fig. 5 and Fig. 6; the cytoplasm was dense with a high dry lens 
but appeared foamy with oil immersion lenses. The sections of this material 
(Rabbit R 664) showed much tubercular granulation tissue, many epithelioid giant 
cells, and many tubercle-like structures. 

To test whether time was a factor in regard to these two types of epithelioid 
cells, the one with the foamy cytoplasm and the other with the dense cytoplasm, 
a rabbit, R 1016, was given in one dose the total amount of the phosphatide usually 
given in twelve divided doses, namely, 1 gm. in 20 cc. distilled water intraperito- 
neally. It was killed 12 days later. The changes in the blood have already been 
referred to (Chart 1). The middle portion of the omentum showed large milk 
spots with no thickening of [the interspaces; and the rest of the omentum was 
dense with nodules of pink tissue markedly resistant on cutting. There was also 
some of the specific tissue, that is, some epithelioid cells, in the thoracic Ijmph 
nodes, along the internal mammary veins, and in the ventral pericardium. Supra- 
vitallj' the clumps of new cells in the omentum were found to be predominately 
epithelioid cells with tj'pical fine neutral red bodies, but here and there was one 
with the coarse granules corresponding to an occasional epithelioid cell with 
foamy cytoplasm (like the cells of Fig. 6 in the sections). This was the same 
material that gave a predominance of the epithelioid cells with coarse granules 
when given in divided doses. There were also many t>Tpical epithelioid giant 
cells. The e.tperiment suggests that the epithelioid cells with the coarse granules 



F. R. SABIN, C. A. DOAN, AND C. E. EORKNER 


17 


the cells with the fine neutral red bodies if sufficient time is allowed; or 
le cell contains some substance which it has phagocj'tized, it has the power 
Jng this substance into finer and finer particles. 

second stage of the extreme reaction from twelve doses of 80 
the phosphatide given intraperitoneally, which was described 
original report upon four rabbits, has been studied in seven 
The tissues from these animals were examined supravitally 
firm the presence of a massive development of the tubercular 
and then the omenta were used either for the chemical recovery 
phospholipin by Dr. R. J. Anderson, or the tissues were used 
. H. B. Richardson, Dr. R. O. Lobell, and Dr. E. Schorr of 
1 University, New York, for studies on the respiratory rate of 
Us. 

I this dosage of 80 mg., the omentum became massive with tubercular 
Fip, 9-13) within 12 to 14 daj’s, being transformed into a dense membrane 
any irregular nodules at least 2 to 3 cm. thick. The reaction was not one 
icute infection; it was not a peritonitis of bacterial origin; there was no 
there was no tendenc>' to adhesions; e.xcept when there was an accidental 
ic infection, there was no infiltration with leucocj-tes after the repeated 
except in relation to the nodules of caseation; the serosal fining was intact, 
aeath the serosa were extensive masses of the new tissue. In this massive 
n not only the thin part of the omentum showing milk spots but the denser 
lormally filled with fat cells became involved; these cells disappeared almost 
y and their place was taken by the tubercular masses. Beside the effect on 
lentum, there was a widespread subserosal reaction in the peritoneal cavitj', 
wn by extensive tubercular tissue in the mesenterj’, the outer coat of the 
, the capsule of the spleen, the mesentery between fiver and stomach, the 
of the liver, the diaphragm, the parietal peritonemn, and the connective 
iroimdthebladderandthereproductiveorgans. Theselesions werescattered 

0 extensive an area that it was not possible to estimate the actual amount of 
ssue formed in the 2 weeks of the experiment, but judging from the omentum 
he entire mass was probably comparable in size to a hen’s egg, a rate of 
h of the new tissue resembling that of a rapidly growing neoplasm. 

e proliferation induced by the phosphatide was of epithelioid ceUs 
epithelioid gian.t cells as the predominating fundamental units, 
■ent combinations of the two giving great variety to the reaction. 

1 the hpoidal substances, the phosphoUpin }delded not only the 
massive lesions but the greatest variety in different combina- 
of epithelioid ceUs and giant ceUs. 
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On Plate 3, Fig. 9 (R 158) is shown one of the densest lesions. It is a small part 
of an extensive, solid mass of epithelioid cells with only a few giant cells; two are 
shown, one along the upper border and the other near the upper left corner. At 
the bottom of the figure is a large area of l 3 Tnphocytes around blood vessels. Be- 
tween tire epithelioid cells are short lines of lymphocj'^tes. The tissue shows 
practically no free leucocytes. E.xcept at one end the tissue is poor in vessels. 

A large mass of tubercular tissue, at a low magnification, is shown in Fig. 10, 
Rabbit R 153. In this tissue there are definite small clumps of epithelioid cells 
simulating tubercles; the main mass contains a large percentage of epithelioid giant 
cells and there are two masses of l 3 Tnphocytes. Fig. 11, Plate 4, from the omen- 
tum of the same animal shows a combination of tubercular granulation tissue and 
small clumps of epithelioid giant cells. In the upper part is a mass of giant cells 
infiltrated with lymphocytes in tissue quite richly vascularized, while below is a 
zone of scattered epithelioid cells. These are quite clearlj"- the tj'pical form with 
dense cytoplasm. There are no free leucocj^tes. A lesion of tubercular granula- 
tion tissue, with almost no tendency to clumping, is shown in Fig. 12 (R 153). A 
lesion made wholly of epithelioid giant cells is shown in Fig. 13 from a small l 3 mph 
node along the internal mammary vein of Rabbit R 319, which had twelve intra- 
peritoneal injections of the phospholipin. At autops 3 ’^ this l 3 mph node looked 
like a mass of the specific tissue and was infiltrated with giant cells which in cer- 
tain areas had almost replaced the follicles and the l 3 mph cords. Such cells were 
not found in the sinuses. There occurred but little transportation of the phospha- 
tide following these intraperitoneal injections; in one am'mal (R 158) the specific 
tissue was found in the mesenteric lymph node; in another (R 319) in a thoracic 
node; in a third (R 1016) also in the thoracic nodes and the ventral pericardium; 
othenvise, the reaction has been restricted to the peritoneum. 

The study of the chemically produced tubercular tissue offers a 
cliance to study caseation in a simplified form. There have been differ- 
ences of opinion as to whether leucocytes in caseous material are a 
response to necrosis or represent a secondary infection. Medlar 
(15) has recently emphasized the invasion of tuberculous tissue tvith 
leucocytes in the absence of secondary infection, an occurrence which 
is readily explained by the reactions to the chemical fractions from the 
bacillus. In the response to the various fractions, the phosphatide 
has been found to possess only a limited power to call out leucocytes 
into the tissues, leucocytes responding actively only to the first dose. 
With other substances, however, the undiluted fatty acids and the 
polysaccharides, for example, each succeeding dose is as irritating as 
the first. From these observations, it might be inferred that during 
tlie disintegration of tubercle bacilli in the tissues, the number of free 
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leucocytes might vary greatly in accordance vith the extremely com- 
plex chemical process of disintegration of bacilli and tissues, but that 
the presence of some free leucocytes might be expected. Auclair 
(16) reported caseation in rabbits and guinea pigs, produced by lipoids 
from the tubercle bacillus, but Ray and Shipman (6), in the study of 
ether-soluble lipoids, considered the areas of necrosis to be only 
ordinaiy- pus. 

In the tubercular tissue produced by the phosphatide, a certain 
amount of necrosis develops which cannot be discriminated histologi- 
cally from caseation. 

After twelve doses there have alwaj-s been a few small, yellow nodules to be seen 
in the gross filled with a cheesy debris different in appearance from the thick, white 
pus of rabbits. These nodules have had a center of necrotic tissue usually sur- 
roimded by a border of granulation tissue. The process, however, is much better 
studied in tiny microscopic nodules where the cells show only earlj* signs of damage 
instead of disintegration. The sections of tubercular tissue procured after twelve 
doses of the phosphatide, consisted mostly of masses of epithelioid cells, with 
hardly a free leucocj'te. Here and there were small areas of damaged epithelioid 
cells surrounded by free leucocj-tes. The absence of any signs of a general in- 
flammatoiy reaction in the tissue suggests that the death of epithelioid cells is the 
initial process, but it is probable that the invasion with leucoc>"tes takes place so 
quickl}' as to make the two processes almost synchronous. Nodules can be found 
so small that the outline of each damaged epithelioid cell can still be seen. There 
is almost no phagocytosis of leucocytes in such foci, but occasionally a single leuco- 
cyte is foimd engulfed. Fig. 14, depicting a small caseous focus from a Ij-mph 
node of Rabbit R 319, shows the nest stage in the process. The epithelioid cells 
of the border are markedly vacuolated with only an occasional leucocyte among 
them; the center is a mass of debris in which nuclei of epithelioid cells and leuco- 
c>’tes can be made out. These observations lead to the wew that simple caseation 
is a process in which dead epithelioid cells are invaded and cianged by leucocytes 

A process entirely different from caseation has been shown by Doan 
and Sabin (17) to take place in the regression of tubercdes in the bone 
marrow of rabbits with bovine tuberculosis. The bone marrow 
always became involved with extensive tuberdes after massive (1 to 
2 mg.) intravenous injections of the bovine strain, but the lesions did 
not persist there. The individual epithelioid cells disintegrated and 
the debris was taken up by ciasmatocytes. In Fig. 5 of the paper 
referred to, dying epithelioid cells c:an be seen in an area of develop- 
ing red blood cells, without either myelocytes or leucocrvles in the 
neighborhood. 
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The fate of the tubercular tissue was followed in the last three rab- 
bits of Table II. From the work of Prudden and Hodenpyl (18, 19), 
it has been known that the tissue produced by dead tubercle bacilli 
is gradually resorbed. 

Rabbits R 368, R 377, and R 379 all received 13 intraperitoneal injections 
of 80 mg. of phosphatide, a dosage which was proved at autopsy to have produced 
massive tubercular tissue in the peritoneum of other rabbits of the same lot. 
Rabbit R 368 was killed 1 month, R 377, 3 months, and R 379, 5 months after the 
last injection. All three remained in e.vcellent condition throughout the period of 
observation, gaining in weight. All had shown monocytes as many as 20 percent 
early in the experiment. During the phase of resorption no anemia developed. 
After 1 month (R 368), the omentum was still greatlj’’ thickened and there were 
many of the pink nodules of tubercular tissue. The most striking point was the 
marked vascular orgaiuzation of the tissue; there were still scattered epithelioid 
cells. There were adhesions in this ammal between the omentum and the in- 
testine and between the body wall and the intestine at the point where the injections 
had been made, so that there may have been some infection. The amount of 
tubercular tissue remaining at 3 months was intermediate in amount between that 
at 1 and S months. In R 377, the omentum was still thickened, but much of the 
bulk was due to the return of fat. Supravitally there were clumps of epithelioid 
and giant cells, and an occasional deep pink nodule was foimd. It consisted almost 
entirely of epithelioid cells. In R 379 tire omentunr after 5 months showed an 
increase in fibrous tissue, but there was no fibrous aipsule around the very few 
remaining tubercular nodules. In this tissue, adventitial cells, loaded with cellular 
debris, marked out the blood vessels as well as an artificial injection would have 
done. These three animals thus showed different stages in the disappearance of 
the chemically produced tubercular tissue, the diffuse reaction disappearing first. 
After 5 months, only one or two nodules of the specific tissue were still present in 
the omentum. 

From our observations, then, it appears that disintegrating epithe- 
lioid cells may be rendered caseous by the infiltration of leucocytes 
or may be phagocytized by clasmatocytes ■without caseation. It is 
probable that the regression of the chemically produced tubercular 
tissue is accomplished largely by the latter process, as is that in the 
bone marrow in the disease itself, since caseation is found in this 
organ only occasionally. 

SUMMARY 

The immediate response of the tissues to the injection of the phos- 
phatide A-3 indicates that the material is phagoc}'tized by connective 
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tissue cells which then appear highly vacuolated. Epithehoid cells 
appear after three doses, perhaps only after the phospholipin has been 
to some extent broken down by cells. The increase in tissue occurs 
largely through the maturation of new monoc)d;e3 and their trans- 
formation into epithelioid cells. During the 2nd week, following 
repeated daily injections, or after one massive dose, there is an exten- 
sive production of epithelioid cells and giant cells, forming typical 
tubercular tissue in the peritoneum. This tissue shows great varia- 
tions, consisting either of diffuse granulation tissue, multiple small 
nodules, or massive aggregations of epithelioid cells. Giant cdls are 
mainly of the simple epithelioid type; the tissues may show only an 
occasional giant cell or they may predominate or be indeed the only 
cell present. 

Some of the varieties in the types of tubercular tissue produced have 
been illustrated in the photographs; these figures do not, however, 
cover the whole range of combinations. The tissue has a greater 
tendency to vascularization than in the reaction of the actual disease. 
Some of the small clumps of epithelioid cells are non-vascular ; others of 
the same size possess vessels. The tissue imdergoes complete resorp- 
tion if given sufficient time, in small part by caseation, but to a greater 
extent probably through the death of the epithelioid cells and the 
elimination of the debris by the phagocytic action of clasmatocytes. 

The general discussion of the effects of the lipoids and of the sub- 
tractions from them is given on pages 60 to 69. 

REACTION TO THE FATTY ACIDS, THE WAXES, AND THE GLYCERIDES 

As shown in Table I (p. 7), the phosphatide was broken down by 
Dr. Anderson (9) into rix ampler substances; oleic add, palmitic add, 
glycerophosphoric add, glucose, a sugar add, and a hitherto unknown 
liquid saturated fatty acid, designated fatty add I. The first three 
substances failed to produce tubercular tissue; all of them, however, 
were irritating, and caused an emigration from the blood vessels of 
neutrophihc leucocytes, which subsequently suffered phagocytosis by’ 
clasmatocytes, while the administration of the palmitic add was fol- 
lowed by a considerable reaction of normal monocytes. The glucose 
and the sugar add have not been tested. 
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Effects of the Fatty Acid I 

Fatty acid I is a clear, colorless, heavy oil. It is thermostable and 
was sterilized by heat before being used for the injections. Since Dr. 
Anderson has given us a part of the original material for biological 
testing, he has not yet had enough of this acid for complete analysis; 
he considers, however, that it is a mixture of two or more fatty acids, 
which possibly differ in their optical activity. 

The fatty acid I, in contrast to the other phosphatide subfractions, 
gave an extensive formation of tubercular tissue (Plate 5), much of it 
in the massive reaction characteristic of the phosphatide, but more in 
the form of tubercle-like aggregations of epithelioid cells, with some 
epithelioid giant cells, the tissue closely resembling that of the actual 
infection. It thus appears that in the phosphatide the active principle 
for the production of typical tubercular tissue is carried by this fatty 
acid. These two substances, the phosphatide and its saturated fatty 
acid, are far more potent in producing tubercular tissue than the other 
principal fractions of the lipoids, namely, the so-called waxes and glyc- 
erides, and their partitions. 

There is no accurate way of determining the total amount of tubercu- 
lar tissue produced by any fraction, spread out as it is over a wide 
surface underneath the peritoneal serosa and in the omentum. For 
the purposes of comparison we may designate the amount produced by 
the phosphatide -h-f-k-f-; the amount of tissue resulting from its 
fatty acid is almost, if not quite, as great, and might be indicated by 
the same symbol. 

Fifteen rabbits have been tested with this acid intraperitoneally, 
as is shown in Table III. 

The dose given, 0,1 cc. (16 mg.), was the amount of the fatty acid contained in 
80 mg. of the phosphatide. The fatty acid was first injected undiluted into the 
peritoneal cavity; seven animals were used in this experiment. Rabbit R 397 
received one dose of 16 mg, intraperitoneally and was studied 24 hours later. The 
abdominal wall showed some hj'peremia at the site of the injection, as did the 
underlying intestine. The omentum was stimulated, wdth accentuated milk 
spots, and showed the same pink color as with the phosphatide. In the supravital 
e.\amination the most striking point was the great number of monocytes; many 
of these monocytes were young forms and in some areas they were by actual count 
the predominating cell. In the preparations there could be no confusion between 



TABLE m 
Prolocols 


Efccis of Intrapcriloncal Infectious of Fatty Acid I, from Tubercle Bacillus, 11-37, 

in 15 Rabbits 


No. of 
rabbit 

m 

DiluUng 

aeratnium 

Results 

R397 

1 o£ 16 mg. 

None 

Accentuated milk spots; dilated vessels; neutro- 
philic leucocytes; young monocytes; clasnaato- 
cjtes not active 

R399 



Omentum more stimulated than in R 397; leuco- 
cytes being pbagocytized by clasmatocytes. 
Serosal cells irritated. Few epithelioid cells 

R44S 

2 of 16 mg. 

None 

Marked hyperemia of body wall, and intestine 
adherent; may have been small perforation; 
some monocytes; marked stimulation of clah- 
matocytes and serosal cells 

R401 

3 of 16 mg. 

None 

Omentum increased milk spots; in some areas 
abscesses and zones of necrosis. Elsewhere 

1 relatively little infiltration of neutrophilic leu- 
cocytes but great increase in monocytes and 
epithelioid cells. Border of mesenteric lymph 
node of tubercular tissue 

R446 

1 


Cecum and colon covered with exudate and adher- 
ent. Supravitally marked maturation of mono- 
cytes but signs of irritation predominate 

R619 

R620 

10 of 16 mg. 
every 24 hrs. 

5 of 16 mg. 
every 48 hrs. 

None 

Dense nodular adh^ions of cecum and colon to 
body wall; surface of small intestine and rest of 
body wall smooth and glistening. Extensive 
cell division in mononuclear forms and some 
epithelioid cells. Serosal cells of omentum 
filled with refractile bodies 

Dense adhesions between cecum and body wall 
and other loops of intestine with white nodules 
(pus); serosal cells of omentum filled with re- 
fiactile bodies; clasmatocytes loaded with cellu- 
lar dfbris; marked increase in monocytes; few 
epithelioid cells and giant cells 

R334 

15 of 20 mg. 

5 cc. 
olive 
oil 

All abdominal organs matted together with adhe- 
sions. Cultures negative. Supravitally no nor- 
mal connective tissue cells. ilarked stimulation 
of clasmatocytes. Remarkable for lymphocytes 
and for giant cells; some epithelioid giant ceUs 
and some foreign body types, 20 to 50 per field. 
Extreme variation in tissues 

















TABLE Til—Conclndcd. 


No. of 
rabbit 

Dose 

Diluting 

menstruum 

Results 

R335 



All abdominal organs matted together with adhe- 
sions; cultures negative. Remarkable for Ijnn- 
phocytes and for giant cells, predominantly 
very large foreign body types with man}^ nuclei. 
Some epithelioid cells. Tissue fibrous and not 
densely cellular 

R336 

15 of 20 mg. 

5 CC. 
olive 
oil 

Died, peritonitis, colon bacillus. Moderate num- 
ber of giant cells predominantly foreign body 
types. Tissues very cellular; neutrophilic leu- 
cocytes; clasmatocytes; epithelioid cells 

R337 

i 


No peritonitis; cultures negative. Omentum and 
mesentery thickened and looked like tissue 
from the phosphatide. Remarkable for lym- 
phocytes and for giant cells, predominantly of 
foreign body tj^pe. Some epithelioid cells 

RSIO 

1 

3 of 16 mg. 

0.5 CC. 
min- i 
eral 
oil 

Peritonitis; wall of cecum, omentum, capsule of 
liver and spleen showed white nodules of pus. 
In the tissues free neutrophilic leucocytes pre- 
dominated; a few were in clasmatocytes. There 
had been a considerable maturation of mono- 
cytes, and supravitally a few epithelioid cells 
w'ere identified 

RS02 



Adhesions between cecum and body wall. IMe- 
dian lobe of liver and spleen had thickened cap- 
sule, Omentum massively thickened, pink, 
nodular. Epithelioid cells, mainly in tubercle- 
like structures with lymphocytes. One massive, 
e.xtensive lesion. Few epithelioid giant cells. 
Neutrophilic leucocytes in small foci. Exten- 
sive replacement of the adipose tissue. No free 
fluid 

R613 

12 of 16 mg. 

0.5 CC. 
min- 
eral 1 
oil 

Entire peritoneum involved with pink, nodular 
tissue. Omentum massivel}' thickened. Epi- 
thelioid cells, largely in tubercle-like structures 
with IjTnphocytes, but more tubercular granu- 
lation tissue than in R 502. Few epithelioid 
giant cells. Partial replacement of adipose 
tissue. No free fluid 

R614 



Entire peritoneum involved with pink, nodular 
tissue. Omentum, many small tubercle-like 
structures with and without lymphocytes. 
Reaction most massive around reproductive 
organs. Few epithelioid giant cells; neutro- 
philic Icucocj'tes in small foci 
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clasmatocytes and monocj-tes, since all of the former were large, mature, branched, 
unstimulated cells, while the monocj'tes were all smaller, round cells with tj^pical 
rosettes. The mesentery also showed young monocytes and mature unstimulated 
clasmatocj'tes. There were extensive inhltrations with neutrophilic leucocytes, 
which in fixed sections appeared in the form of multiple small abscesses as the 
major reaction. The sections showed small clxunps of basophilic mononuclear 
cells, but this reaction would probably not have been recognized without the records 
of the supravital studies. 

Rabbit R 399, which received two injections, had the same accentuation of milk 
spots as the preceding arumal, except that there were a few white nodules of pus 
large enough to be seen in the gross. Supravitally interesting changes were seen. 
There was the same marked irritation shown by the leucocj'tes; the clasmatocytes, 
however, instead of being imstimulated, were now active in engulfing the damaged 
leucocytes, and among the monecjlic strain there were some epithelioid cells. 
The bone marrow showed a shift toward B-mydocv’tes, indicating the extent of 
the drain of the leucocytes from the blood stream. 

Rabbit R 445 also received two doses. The intestine was adherent to the bodj’ 
wall and may have been perforated. Supravitally there was observed a marked 
stimulation both of serosal cells, as indicated by an increase of refractile bodies in 
them, and of clasmatocytes as shown by increased phagocytosis. There were some 
monocytes and a few epithelioid cells, but the most striking reaction was the acute 
peritonitis. 

Two rabbits, R 401 and R 446, were given three injections. In R 446, signs of 
irritation predominated, for the cecum and colon were covered with exudate and 
had fresh adhesions. In the omentum there had been an active maturation of 
monocytes, but this reaction was not as striking as the infiltration with leuccxytes 
and the activity of the clasmatocytes. In R 401, on the other hand, there was not 
much general irritation. In the omentum there were some abscesses and a few 
zones of necrosis, containing dead mononuclear cells staining heavily in eosin, and 
many granulocytes, both neutrophilic and eosinophilic; but elsewhere there was 
but slight infiltration with leucocytes, and the reaction, both as seen supravitally 
and in sections, was predominantly monocytic, with many epithelioid cells. Some 
of these hadmore than one nucleus showing a tendency toward giant cell formation, 
but they were not much larger than epithelioid cells. In sections the monocytic 
and epithelioid reaction was sufficiently definite and striking to be noted, even if 
the supravital studies had not called attention to it. The tissue did not look like 
the tubercular granulation tissue, nor like the tubercle-like masses illustrated for 
the phosphatide, for there had been no great thiciening of the omentum, no great 
increase in blood vessels ; but in a relatively normal omentum there was thi«; marked 
increase in the one strain of cells. Very few plasma ceUs were foimd, but there 
were many clumps of deeply basophihc mononudear cells, as well as typimi mono- 
cytes and epithelioids, some of them in division, both scattered and in small clumps 
of 8 to 10 cells. 



26 


REACTION TO FATTY ACIDS, WAXES, GLYCERIDES 


The acute lesions produced in experiments with from one to three 
doses demonstrated the extremely irritating character of the undiluted 
fatty acid. Except in one rabbit (R 445) in which the wall of the 
intestine may have been punctured by the injection needle, it was 
judged that the irritation was due to the acid itself and not to injury 
or infection. There was considerable evidence of a stimulus toward 
monocytes, especially plain in Rabbit R 401. There were none of the 
large vacuolated cells that characterized the early reaction to the 
phosphatide, which were regarded as probably indicating the phago- 
cytosis of the phosphatide, but rather a tendency was observed to a 
direct maturation of monocytes from more primitive forms. 

The remaining animals receiving fatty acid I were given from 3 to 15 repeated 
doses, and, with one exception (R 502), studies of the peripheral blood were made. 
The changes in the blood cells (Table IV) were not marked. All the animals 
showed a slight drop in the number of red blood cells and in hemoglobin, but the 
bone marrow revealed no obvious changes. In two animals, R 613 and R 620, 
there was a moderate leucocytosis due to a rise in neutrophilic leucocytes; the 
monocytes tended to increase and the lymphoc 3 ’’tes to decrease in the majority of 
the rabbits, the most striking changes being noted in R 620, R 334, and R 337. 

Two of the rabbits (R 619 and R 620) were given 10 and 5 intraperitoneal injec- 
tions of 16 mg. of undiluted fatty acid I. In both the irritation was extreme, the 
intestine, especially the cecum, being bound to the body wall. The intestine was 
covered with fibrin and exudate; the omentum and mesenterj’- were extensively 
involved with a reaction of extreme comple.xity. There was an increase in fibrous 
tissue, most marked in R 619, making many adhesions; there were manj^ areas of 
necrosis in some of which were great masses of damaged cells, looking like epitheli- 
oids (R 620); in the border of these areas, clasmatocytes, loaded with cellular 
debris, were present in such numbers as to make them the predominating cell of the 
reaction. There were masses of- granulation tissue, markedly cellular and richly 
vascularized. Scattered diffusely in this tissue were epithelioid cells and epitheli- 
oid giant cells, either singly or in small clumps, but not in sufficient numbers to 
make typical tubercular granulation tissue. This was interesting in view of the 
fact that this same fatty acid, when subsequently diluted with a bland oil, gave a 
reaction so closelj" like tuberculosis that it could be discriminated only by the 
entire absence of tubercle bacilli (Plate 5). With the undiluted acid, however, in 
repeated doses, the extreme irritative reaction appeared to minimize and certainly 
obscured the reaction toward tubercular tissue. In the omentum the fat cells were 
in process of changing, which also added to the confusion of the picture. In 
Rabbit R 620 there were small nodules of epithelioid 'cells in a Pej-cr’s patch; in 
neither animal were the mesenteric nodes involved. 

Olive oil, 5 cc. per dose, was first tried as a menstruum to dilute the fatty acid 
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(20 mg.) in four animals, R 334, R 335, R 336, R 337, while at the same time five 
animals as controls were given the same number of injections of the olive oil alone. 
The irritation produced with the combination was much more marked than with 
the undiluted fatty acid, and the controls demonstrated the very marked tendency 
of olive oil to produce foreign body giant cells. In three rabbits, R 334, R 335, 
and R 336, aU the abdominal viscera were matted together with dense adhesions; 
one, R 336, died and the colon bacillus was recovered as a probable participant in 
the general peritonitis. All the tissues were remarkable for the great numbers of 
giant cells, of both types, but with the large foreign body forms predominating; 
fifty per low power field were not uncommon numbers, and many of them were 
vacuolated. Next to the giant cells, multiple small masses of lymphocytes were 
the most striking part of the reaction, especially in R 334, R 335, andR337. Lym- 
phocytes were not a feature of the controls with olive oil alone. The tissues were 
markedly uneven; there was much granulation tissue, and in some areas new con- 
nective tissue cells were closely packed together. In other places the tissue was 
open. In R 334, supravitallj’- studied, not a single normal connective tissue cell 
was seen. The clasmatpcytes were stimulated ; there were some nests of epithelioid 
cells, most marked in R 337, and all the tissues showed epithelioid giant cells. 
Nevertheless, the sections did not simulate the lesions of tuberculosis. Yet the 
group, as a whole, tended to show more epithelioid cells and Langhans’ giant cells 
than the controls with olive oil alone. 

The results with repeated doses of the undiluted fatty acid and with 
repeated doses of the fatty acid mixed with olive oil were not as sug- 
gestive of tuberculous tissue as those with the few doses of the undi- 
luted acid, in which a maturation of monocytes had been so marked. 
It was clear that the undiluted acid was too irritating for repeated 
doses, and that with olive oil the extreme reaction of the menstruum 
itself toward foreign body giant cells obscured the tendency toward 
monocytes. Therefore a series of experiments were undertaken to find 
if possible a relatively inert oil, -with the result that a pure mineral oil 
(Nujol) was eventually selected for use. It proved to be an excellent 
menstruum. It was practically inert in one, two, and three doses; 
and with twelve injections, its effects were so much simpler and so 
much less extensive than with other menstrua tried, and especially 
the reaction toward epithelioid cells was so very slight that the oil 
has been used during the past year as a general diluting medium for 
the fatty acids studied. It has also been used as a solvent for the 
waxes and their derivatives. 
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In Fig. 19 on Plate 6 there is, however, shown a film of omentum, supradtally 
stained with neutral red and photographed whUe the cells were living, to illustrate 
the relative uiuformity of the reaction to twelve intraperitoneal injections of 
mineral oil (Rabbit R 661). There had been an increase in number of fibroblasts 
and dasmatocytes. This film is to be compared with a similar film of omentum 
photographed while the cells were alive, after eleven doses of the phosphatide 
(Plate I, Fig. 4). In sections there were a few giant cells, predominately of the 
foreign body type, and an occasional epithelioid cell. 

One rabbit, R 510, given three injections of the fatty add in mineral oil, showed 
a general peritonitis. In spite of the great infiltration of the tissues with leucocj’tes 
and zones of necrosis, the omentum showed areas filled with monocytes; in the fresh 
tissues a few’ typical epithelioid cells and giant cells derived from them were seen, 
and they can be identified in sections. 

Three rabbits (R 502, R 613, andR614) were given twelve intraperitoneal injec- 
tions each of 16 mg. of fatty add I in 0.5 cc. mineral oil. Rabbit R 513, with 
mineral oil alone, was the spedfic control for R 502, and Rabbits R 621 and R 622 
for the others. The reaction in these rabbits and their controls, as seen in the 
gross specimens at autopsy, made the most striking contrast; in each case the reac- 
tion in the control rabbit with mineral oil alone was slight, as compared with the 
massive production of new tissue in the rabbits with the fatty add. 

Instead of an excess of free oil in the peritoneal cavitj’, which is always present 
after administration of the mineral oil alone in these doses, the rabbits with the 
fatty add plus mineral oil had a peritoneum so dry that no peritoneal fluid could 
be obtained for the study of the free cells. All three rabbits showed an extensive 
development of tubercular tissue. There was an extensive involvement of the 
peritoneum; the omentmn, the entire wall of the cecum, the diaphragm, the cap- 
sule of liver and spleen, and the connective tissue around the reproductive organs 
were massively involved with new tissue, pink in color like that from the phospha- 
tide, In some zones this new tissue was in thick, dense layers; in others it was in 
nodules. There was never as complete an absence of neutrophilic leucotytes in 
the tissues as after repeated injections of the phosphatide; some leucocytes, both 
scattered and in small fod, were present in all the sections, but they formed a 
minor part of the reaction in comparison to the epithelioid cells. 

The tissue reaction of Rabbit R 502 is represented by a quite characteristic 
tuberde-Iike focus taken from the omentum (Plate 5, Fig. 15). It is densely 
surroimded by hunphocytes; there were no giant cells in this area but a few of 
both tjpes were foxmd in the sections. In the wall of the cecum of this animal 
were e.xtensive layers of epithelioid cells as large and as dense as in Plate 3, Fig. 9, 
from the phosphatide. In some of the blocks fixed from the omentum and from 
the capsule of the spleen there were large abscesses whick had no relation to casea- 
tion. They were simply masses of leucocytes surrounded by granulation tissue. 
This granulation tissue, richly vascularized, had only a minor infiltration with 
epithelioid cells, and there were but a few small dumps of epithelioid cells in 
the neighborhood. 
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Rabbit R 613 showed the same extensive formation of specific tubercular tissue, 
widely distributed in the peritoneum, but especially massive in tlie mesenter}' and 
the omentum. Figs. 16 and 17 on Plate 5 show the reaction in the omentmn. In 
Fig. 16 are three tuberde-lUte bodies with two large giant cells, probabl}’’ of the 
rosette type, but possibly atj^ical, through the massing of the nuclei at one end. 
There is a dense capsule of Ijunphocytes. Fig. 17 shows tubercular granulation 
tissue, more dense in the lower part of the section. Along the upper border is a 
tiny, tubercle-like clump of epithelioid cehs, and on the left border is a t}'pical 
rosette giant cell. The tissues of Rabbit R 614 are represented in Fig. 18, which 
again shows small and larger collections of epithelioid cells with some diffuse in- 
filtration of lymphoc 3 des. In this animal the tissue was especially massive on the 
posterior bodj’' waU and around the reproductive organs. There were more epithe- 
lioid giant cells in this animal, but never as many as with the phosphatide. 

It ■will be seen that all three of the rabbits receiving twelve doses of 
the fatty acid I, diluted with a bland oil, showed an extensive produc- 
tion of tubercular tissue, some of it as massive as with the phosphatide, 
but much more in the form of clumps of epithelioid cells, making cir- 
cumscribed, tubercle-like formations, similar to those of the infection. 
There was only a moderate tendency toward epithelioid giant cells. 
There were some tubercular granulations, but a comparison of Plate 
5 3vith the plates of tissues from the phosphatide will indicate that 
there was less variation in the type of specific reaction with this 
fatty acid than with the phosphatide, that is, the lesions were more 
uniform. There was, of course, a considerable increase in non-specific 
connective tissue, to make a framework for the tubercle-like structures, 
but this interstitial tissue lacked the extreme reaction found with the 
undiluted acid. In general, this fatty acid gave a reaction, when its 
irritative effects were minimized by dilution in mineral oil, which simu- 
lated the actual disease more closely than any other part of the lipoids; 
it was almost the same as the phosphatide from winch it was derived, 
in epithelioid formation, but had more of the reaction in the form of 
discrete tubercles. 

Effects of the Purified Wax and Its Derivatives 

In Table I it 3vill be seen that there were two groups of fractions 
which were soluble in chloroform and insoluble in acetone. Dr. 
Anderson has designated these substances “purified wax” and “soft 
wax,” though he does not regard them as true waxes in the chem- 
ical sense (9). 
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The purified wax is a white, very light powder. From it Dr. Ander- 
son obtained an imsaponifiable substance and a second liquid, satu- 
rated fatty add. All three of these fractions had to be given in mineral 
oil. The purified wax could not be rubbed into a suspension in dis- 
tilled water, as was done with the phosphatide; even less could the 
unsaponifiable substance, which floated as a dry, feathery substance 
on top of the water. Both of them were readily soluble in mineral oil. 
The purified wax and its fatty add 11 gave reactions which we estimate 
as being positive for the spedfic formation of tubercular tissue; never- 
theless, the reaction was smaller in amoimt than that of the phospha- 
tide and fatty add I. We estimate the amoimt of this reaction as -f -}- 
in comparison with the -h 4- -1- -f of the phosphatide. It was therefore 
necessary to make a careful comparison of the reaction of the purified 
wax and fatty add 11 with that from the injection of the mineral oil 
alone. Beside this moderate reaction toward monocytes, epithelioid 
cells, and Langhans’ giant cells (Plate 6, Figs. 20-23), the purified 
wax and fatty add n gave a marked increase in general connective 
tissue, which is also found in tuberculoas. The unsaponifiable sub- 
stance gave only an increase in general connective tissue cells. 

The Purified Wax . — Five rabbits were tested with the purified wax 
intraperitoneaUy, as is shown in Table V. 

Rabbit R 455 had one dose of 20 mg. of the purified wax, with 0.75 cc. of oleic 
add as a diluting menstruum, and the tissues were studied 2 days later. The 
result was a marked irritation, and the tissues showed many abscesses. There 
was some phagocytic activity of the clasmatocytes and in the supravital studies 
some monocytes were seen, but they were few compared to the leucocytes. Oleic 
add alone was found to be very irritating to the tissues and so was abandoned as 
a diluting menstruum. 

Given in mineral oil, the material was much less irritating; in rabbits with few 
doses, R 550 with two, and R 551 with three, there were some neutrophilic leuco- 
cytes and some activity of dasmatocytes in destroying them, but there was a 
striking increase in monocytes, with a few epithelioid ceUs in R 551, and this strain 
of cells showed active division in sections. TMs tissue on the whole did not 
simulate that of tuberculosis, and yet the increase in monocjyes and the occasional 
epithelioid cell would be described as the most striking reaction. 

Two rabbits, R 937 and R 938, received twdve intraperitoneal doses of 16 mg. 
of the purified wax in 0.5 cc. of mineral oil. At autopsy, 24 hours after the last 
dose, a marked thichening of the omentum was found; the diaphragm, the capsules 
of liver and spleen, and the wall of the cecum were also involved. In Rabbit R 



TABLE V 


Protocols 

Effects of Intrapcritoneal Injections of the Purified TFa.v and Its Derivatives, the 
Unsaponijiabic Substance and Fatty Acid II 


No. of 
rabbit 

Dose 

Diluting 

menstruum 

Results 

Purified wa.^ 

R455 

1 of 20 mg. 

0.75 cc. 
oleic 
acid 

Marked irritation, peritonitis; many white nodules 
of pus. Clasmatocytes active in phagocytosis; 
many monocj'tcs 

R5S0 

2 of 16 mg. 


Omentum stimulated; some free neutrophilic leu- 
cocytes, many engulfed in clasmatocytes; many 
monocytes, scattered and in small clumps in 
active division. A few epithelioids 

R 551 

3 of 16 mg. 


Omentum stimulated; more free leucocytes than in 
R 550. Clasmatocytes active. Many mono- 
cytes in division. Occasional epithelioid giant 
cell 

R937 

12 of 16 mg. 

O.S cc. 
min- 
eral 
oil 

No peritonitis; serosa smooth and glistening. 
Omentum, surface of diaphragm, and capsule 
of spleen massively thickened. Tissue edema- 
tous, red with white spots; looked like tubercu- 
losis. Marked increase in general cellular 
connective tissue, witli a few tubercle-like bodies 
and typical Langhans’ giant cells. Some for- 
eign body giant cells. A few plasma cells 

R93S 



No peritonitis; serosa smooth and glistening. Dis- 
tribution of new tissue as in R 937. Omentum 
massive with general connective tissue. A few 
nodules of monocytes. Many cells difficult to 
classify because they have engulfed so much oil. 
Tissues look more like reaction to unsaponifiable 
substance 


The unsaponifiable substance 


R548 

2 of 16 mg. 

0.5 cc. 
min- 
eral 
oil 

Serosa smooth and glistening. Omentum not 
thickened but showed both neutrophilic and 
eosinophilic leucocytes; some phagocytosis of 
them by clasmatocytes. A few monocytes 

RS49 

3 of 16 mg. ( 

No peritonitis. Omentum normal, except that 
serosal cells were stimulated. Some milk spots 
increased in density. No leucocytes. Few 
monocj'tes 
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TABLE V— Concluded 


No. of 


Dilutiryj 

Kcsults 

rabbit 


menstruum 



The unsaponifiablc substance — Concluded 


R945 

1 

03 cc. j 

No peritonitis, ilarked increase in connective 
tissue in omentum, capsule of liver and spleen, 
and over the diaphragm. Few free leucocytes 

R946 

12 of 16 mg. 

eral ! 

oil ; 

1 

in R 945; many clumps of lymphocytes; many 

monocytes; no epithelioid cells; moderate num- 
ber of foreign body giant cells. Very few Lang- 
hans’ giant cells. Few plasma cells 


Fatty acid 11 


R539 

2 of 16 mg. 


Omentum showed accentuation of milk spots due 
to emigration of leucocytes and maturation of 
monocytes 

R540 

3 of 16 mg. 

0.3 cc. 
min- 
era! | 
oil j 

Omentum: large dense milk spots due to emigration 
of leucocytes and to monocytes, epithelioid 
cells, and few epithelioid giant cells. Occasional 
foreign bodygiantcell. iVIarked dilatation of ves- 
sels. Sections show some clumps of monocytes 

R615 

12 of 16 mg. 
eveo' 24 hrs. 

Parietal peritoneum, omentum, mesentery, and 
capsule of spleen and liver massively thickenecL 
Omentum so cellular and dense, difficult to make 
films. Many clumps of monocytes with occa- 
sional epithelioid celL Typical Langhans’ giant 
cells 

R616 

12 of 16 mg. 
every 48 hrs. 


Omentum shows large milk spots in central area; 
rest massively thickened. Leucocytes and 
stimulated clasmatocytes. Clumps of cells 
were predominately epithelioid celb, rather than 
monocytes as in R 615 


937, the tissue had, in the gross, the appearance of tuberculosisjit rvas swollen and 
edematous, was pink in color, and showed manj' white spots. In supra\'ital prep- 
arations it appeared that there had been a marked new formation of undifferen- 
tiated connective tissue cells; these were of medium size, round, and showed less 
reaction to neutral red than do fibroblasts, clasmatocj'tes, or monocytes. Beside 
these undifferentiated cells, there had been a considerable development of epitheli- 
oid cells with the typical rosettes of fine bodies and many Langhans’ giant cells, 
which predominated in number over the foreign body giant cells which were also 
present. There was an increase in young monocytes and the amount of the 
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specific reaction, that is, of epithelioid cells and epithelioid giant cells, was sufii- 
cient to place the purified wax in the group of the active lipoidal substances. 

The tissues of Rabbit R 938 were likewise much thickened; supravitally the 
reaction was mixed and the specific reaction less in amount. Sections of the 
material showed a great increase in new indifferent connective tissue cells; these 
appeared as masses of nuclei •without distinct cellular outlines. The masses of 
nuclei were taken to represent the clumps of undifferentiated cells in the fresh 
preparation, where the cellular outlines were sharp. Such masses of nuclei under 
low power suggest tubercles only vaguely and at higher powers not at all. In 
general the sections would not have been called characteristic of tuberculosis, 
because the epithelioid cells, both those tliat occurred alone and those in small 
clumps, were so scattered, and the indifferent connective tissue •vsith a great in- 
crease in nuclei predominated to such an extent. Giant cells numbered from ten 
to twent}" per low power field of the microscope. Some of them were tj^jical of 
the rosette type with peripheral nuclei, but more of them looked like the non- 
rosette forms; most of them had taken in large or small droplets of the mineral oil 
which made them atypical. The epithelioid cells were in part typical, as was seen 
by the supra-vital technique, when their rosettes had the fine bodies, but manj’' of 
them in sections appeared vacuolated, probably also from the presence of the mineral 
oil in medium sized droplets. There were many scattered monocytes. In places 
the small clumps of epithelioid cells were surrounded by Ijunphocytes; in others 
lymphocytes were lacking. On the diaphragm there were several quite definite 
tubercle-like structures. In general, though there was distinctly more of a reac- 
tion toward the formation of epithelioid cells and Langhans’ giant cells than in 
the controls with mineral oil alone, tliis portion of the reaction was minimal as 
contrasted with the production of indifferent cells in the coimective tissue itself. 
The sections from Rabbit R 938 were similar to those from R 937, except that they 
showed fewer epithelioid cells and giant cells. 

Tile reaction to the purified ■wax was thus considered to be + + in 
contrast to the + + + + of the phosphatide, as far as the production 
of epithelioid cells and Langhans’ giant cells w^as concerned. The 
reverse would be the case if the amount of increase in general cellular 
connective tissue were appraised. The predominant reaction was of 
indifferent connective tissue cells, and there was in both rabbits, R 937 
and R 938, a diffuse reaction of plasma cells in moderate numbers. 

The UnsaponifiahJe Suhslance . — The unsaponifiable partition of 
the purified wax — the acid-fast portion of the lipoids — also showed the 
tendency to cause a marked increase in general connective tissue cells, 
without any of the stimulus toward the formation of tubercle-like 
masses of epithelioid cells. 
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The imsaponifiable substauce was given to four rabbits (Table V). Rabbits 
R 548 and R 549, which received two and three doses of 16 mg. in 0.5 cc. mineral 
oil, showed only a slight reaction; in both the serosal cells appeared stimulated in 
the fresh preparations, that is, they showed an increase in small refractile bodies. 
There were free leucoc>-tes in R 548, both neutrophilic and eosinophilic, and the 
dasmatocj-tes showed a slight increase in neutral red bodies; a few dasmatocj-tes 
contained leucocytes. Some of the milk spots were almost wholly of monoc>tes, 
and sections showed them in dumps, together with a few smaller, more basophilic 
mononudear cells. There was an occasional mononuclear cell in di\-ision. This 
reaction was negative for tubercular tissue. 

Two rabbits, R 945 and R 946, were then given twdve doses of 16 mg. of the 
unsapohifiable substance in 0.5 cc. mineral oil, and were studied 24 hours after the 
last dose. In both animals there had been a marked increase in new tissue, involv- 
ing the peritoneum in the same areas as with the phosphatide, that is, the omen- 
tum, the capsule of liver and spleen, and the diaphragm. The new tissue equalled 
in amoimt that produced by the phosphatide; the omentum was just as massive. 
The cellular reaction, as seen supravitally and in sections was, however, quite 
different. There was a marked increase in new connective tissue cells. The miUr 
spots were predominantly of medium sized cells, with a few scattered neutral red 
bodies. There were many monocytes. Sections showed an increase in general 
connective tissue cells, with replacement of the fat, and scattered everywhere among 
these less differentiated cells were diffuse masses of young, very basophilic, mono- 
nuclear cells, together with some monocytes and a few plasma cells. There was 
a moderate amount of cell (hvision in the mononuclear forms. There were a few 
scattered giant cells, mainl}' of the foreign body tj-pe. 

Thus the unsaponifiable material caused a marked increase in non- 
specific connective tissue cells with some increase in monocytes, but 
did not produce the spedfic tubercular reaction of epithelioid cells and 
epithelioid giant cells. 

Fatty Acid II from the Purified Wax . — ^The fatty add IT caused the 
production of tubercular tissue in about the same amotmt as the puri- 
fied wax, indicating that the entire active prindple of the purified 
wax was carried in this component. The reaction has therefore been 
designated ++• 

The acute reaction was tested in two rabbits, R 539 with two doses of 16 mg. 
in 0.5 cc. mineral oil, and R 540 with three (Table V) . The reaction was of leuco- 
c>-tes and monocj'tes. The peritoneal exudate reflected this; for example, in R 
539, the percentage of leucoc^es was 26, of monocj^es 68, with the remaining 6 per 
cent of lymphocj'tes and serosal cells. The rabbit with three doses, R 540, had a 
few epithelioid cells among the monocj'tes. 
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Two rabbits, R 615 and R 616, were given twelve doses of 16 mg. of fatty acid 
II in 0.5 cc. mineral oil, the first every day and the second every other da^". In both 
there was a marked increase in new tissue in omentum, mesenter}’-, and under the 
parietal peritoneum. The omentum was fully as massive as witlr the phosphatide; 
there was almost no e-vudate. The tissue from these rabbits differed from that 
with the phosphatide and fatt)' acid I in that onlj’^ a part of the new tissue was of 
monocytes and epithelioid cells, and there was a great reaction of non-specific 
connective tissue cells, undifferentiated in t 3 Tpe, and fibroblasts. Thus, as can be 
seen on Plate 6, Fig. 20, the tissues do not suggest tuberculosis as conclusivel.v as 
does the reaction to fatty acid I (Plate 5) or to the phosphatide (Plates 1-4). Fig. 
20 was taken with a high drj'- lens at a magnification of 200. It can be seen that 
the clumps of monocytes and epithelioid cells are so tiny that the 3 ' would not be 
conspicuous under a low power lens. The reaction is, however, of t 3 'pical tuber- 
cular granulation tissue. There are scattered l 3 Tnphdcytes, but none in capsules 
around the tiny clumps of monoc 3 'tes. The vessels at the right are crowded with 
lymphocytes. Scattered ever 3 ’-where throughout this tissue were clumps of cells 
which on supravital e.ramination were called monocytes, with an occasional epithe- 
lioid cell, and a few epithelioid giant cells. This is exactl 3 ’' what can be seen in Fig. 
21. Except for the two larger cells, probably epithelioids, in the lower left border 
and a small Langhans giant cell in the center, this section shows a clump of mono- 
cytes; above this is a small epithelioid giant cell and below the clump an especially 
typical form. In Fig. 22 is another t 3 'pical epithelioid giant cell, witli a central 
area of necrosis, and the debris of a leucoc 5 '’te; such an area of necrosis is frequent in 
the corresponding giant cells of the actual infection. The infiltration of these 
tissues with monocytes is shown in Figs. 22 and 23. In the latter, one of the cells, 
probably a monocyte, is in division. The amount of non-specific connective 
tissue is best seen in Fig. 20. The tissues of Rabbit R 616 were similar, except 
that there were fewer 3 '-oung monoc 3 ’’tes and the tin 3 ’- clumps of cells, microscopic 
tubercles, were epithelioid t 3 T>es; in this connection it will be noted that the reac- 
tion was of longer duration in this animal, since the injections were given every 
other da 3 ’. 

Thus, all of tlie three substances in this group, tlie purified wax 
and its derivatives, the unsaponifiable substance and the liquid fatty 
acid II, contain a stimulus for the production of relatively undiffer- 
entiated, connective tissue cells. This is the dominant reaction. 
Beside this increase in connective tissue cells, the purified wax and the 
fatty acid II produce some epithelioid cells, showdng a rather marked 
tendency to cause a formation of tiny clumps or tubercles, which, how'- 
ever, are not surrounded b}’’ I)anphoc3’'tes to any extent. Epithelioid 
giant cells are numerous and tjpical of those found in the actual 
infection. The relative amount of this specific tubercular reaction 
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from the purified wax and fatty acid 11 may be estimated as -r + ; 
and from the unsaponifiable substance as zero. 

Effects of the Soft Wax and Its Derivative Fatty Acid III 

The "soft wax,” which is soluble in chloroform and insoluble in 
acetone, is a brown, wax-like substance, a soft solid at room tempera- 
ture, miscible with mineral oil. It yielded on chemical anatysis 
(Anderson, 9) a liquid, saturated fatty acid which has a deeper 
yellow color than fatty add I. 

The soft wax was given to four rabbits (Table \T). In the acute reaction 
(Rabbit R 546, two doses of 16 mg. in 0.5 cc. mineral oil, and R 547, three doses) 
the soft wax proved to be much more irritating than the purified wa.x. After two 
doses the serceal cells were stimulated, as shown by refractile bodies in them; the 
predominating reaction was of leucocytes with clasmatocj'tes engulfing them. 
.After three doses the serosal cells were filled with refractile bodies and made so 
dense a membrane that it was hard to focus through them in fresh preparations. 
In both animals there was a marked dilatation of the blood vessels. After two 
injections the tissues were massive with leucocytes, but there were some mono- 
cj’tes; after three doses there were fewer leucocytes and more monoc>'tes. 

Two rabbits, R 947 and R 948, were given repeated injections. Rabbit R 947 
was foimd dead of pneumonia after the tenth dose; the other one was given twelve 
doses of 16 mg. each in 0.5 cc. mineral oil. In Rabbit R 947 there was a fresh 
peritonitis, especially evident over the liver and spleen. Rabbit R 948 showed no 
infection. In both animals there was a great dilatation of the blood vessek in the 
new tissue in the omentum and over the abdominal organs. Fig. 24 on Plate 7 
is taken from extensive lesions on the abdominal surface of the diaphragm. The 
lesion measured 2 mm. in thickness in the sections which had undergone the 
shrinkage of the dehydration. The dilatation and congestion of the veins are a 
striking factor, as is shown in the photograph. There are two small clumps of 
epithelioid cells ; the larger is at the upper left comer and is infiiltrated with Ijun- 
photy'tes, and the smaller is at the lower left comer. The section also showed 
scattered epithelioid cells. Giant cells were present in the tissues in moderate 
numbers, some of them tj^pical rosette tjyies; others of the non-rosette tj'pe with 
large vacuoles. 

There was a considerable new growth of connective tissue, not as 
marked, however, as with the purified wax and its derivatives. For 
example, the fat of the omentum was only partially replaced by con- 
nective tissue cells. There was some typical granulation tissue, with 
man}’’ fibroblasts. There were many leucocytes and many of them 
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TABLE VI 
Protocols 


Effects of Intraperitoneal Injections of the Soft Wax and Its Derivative, Fatly Acid III 


No. of 
rabbit 

Dose 

1 Diluting i 
menstruum 

Results 




Soft wax 

RS46 

2 of 16 mg. 

1 


Milk spots of omentum markedly stimulated. Pre- 
dominating reaction of leucocytes scattered and in 
small foci. Many clasmatocj'tes full of yellow 
d6bris. Serosal cells full of refractile bodies. 
Some monocytes. Vessels dilated 

R.547 

1 

3 of 16 mg. 

O.S cc. 
min- 

Some seropurulent fluid. Omentum: extensive stimu- 
lation of milk spots and fat replaced; leucocytes; 
serosal cells markedly irritated. Some monocytes 
and epithelioid cells in small clumps. Marked 
dilatation of vessels 

R947 

10 of 16 mg. 

i 

j 

eral 

oil 

] 

Died of pneumonia night after 10th dose. Body 
wall had hemorrhage; no puncture of intestine; 
marked peritonitis with general fibrinous exudate. 
Omentum moderately thickened, leucocytes and 
small tubercle-like clumps. Marked dilatation 
of vessels 

R94S 

12 of 16 mg. i 

i 


Omentum much thickened; diaphragm, liver, and 
spleen covered wuth new tissue; e.xtreme dilatation 
and congestion of vessels (Fig. 24). JIany 
scattered epithelioid cells and tubercle-like struc- 
tures. Lymphocytes 


Fatty acid HI 


R542 

2 of 16 mg. 

0.5 cc. 
min- 
eral 

Omentum: slight increase in milk spots but no 
thickening. No peritoneal irritation. Few leu- 
cocytes, neutrophilic and eosinophilic; predominat- 
ing reaction clasmatocytes engulfing leucocytes. 
Few monocytes. No epithelioid cells seen 

R543 

i 

3 of 16 mg. 

oil I 

1 

! 

Omentiun delicate; no marked thickening; very few 
leucocytes free and only an occasional one in 
clasmatocytes. Marked monocytic reaction, 
many in division. Few epithelioids 
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TABLE VI— Concluded 


No. of 
rabbit 

DoS€ 

DUutins 

menstrcum 

Results 

Fatty acid TR— Concluded 

R 617 

I 

I 

0.5 cc. 

Adhesions between cecum and body wall. Some 
thick, ropy, peritoneal exudate. Omentum mas- 
sively thickened. Leucotytes not marked; few in 
dasmatocytes. Predominating reaction of mono- 
cytes, epithelioid cells, and Langhans’ giant cells. 
Few plasma cells 

00 

12 of 16 mg. 

i 

min- 
eral 
oil 1 

Hemorrhage into body walk Ceciun adherent to 
body walk Omentum extremely thickened; 
marked dilatation of vessels. Mesentery also in- 
volved. Clasmatoc 3 ftes active but predominating 
reaction of dumps of monocytes and tuberde-like 
masses of epithelioid cells. Few giant cells. 
Lymphocytes. Many fod of basophilic mononu- 
clear cells. Few plasma cells 


were in dasmatocytes. In Rabbit R 947 there was a focus of myelo- 
cytes in the omentum. Scattered through this tissue were consider- 
able numbers of epithelioid cells; espedally over the intestine and the 
diaphragm there were many more epithelioid cells than in the reaction 
to the purified wax. Giant cells were present in small numbers, 
some epithelioid in type, more of the large, multinudear foreign body 
types. The reaction indudes positive specific tissue which is inter- 
mediate in amoimt between that found following the purified wax 
and the phosphatide. 

Fatty Acid III from the Soft Wax . — Four rabbits were given the 
fatty add m, two for the acute reaction (R 542 and R 543) and two 
(R 617 and R 618) for the effect of twelve repeated doses (Table VI). 

After two doses (R 542) the milk spots of the oment um were increased in number 
but were not much thickened. The tissues showed neutrophilic and eosinophilic 
leucocytes and some phagocytosis of these by dasmatocytes, and there was an 
increase in monocytes. Sections showed a marked activity of the dasmatocytes 
in destroying leucocytes, and there was much cell division both of the serosal cells 
and of free mononudear cells, the size of monocytes. The monocytes and phago- 
cytic dasmatocytes were plain both in the folds of the omentum and in the exudate 
caught between these folds. In Rabbit R 543 the omentum was more thickened; 
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clasmatocy tes were still present, containing leucoc}’’tes, but the monocytic reaction 
had become predominant. The supravital reaction revealed as pure a monocytic 
response as with an}" of the lipoid fractions; this reaction was clear in the sections, 
making excellent tissue for the study of this tj^ie of mononuclear cell. 

Rabbit R 617 received twelve intraperitoneal doses. There was a marked 
development of new connective tissue; the non-specific connective tissue was less 
cellular than that produced b}' the purified wax and its derivatives, but scattered 
everywhere in it were tubercle-like structures, similar to those from fatt}'" acid II, 
but more in number and somewhat larger. Some of these clumps of epithelioid 
cells were densely surrounded b}' l 3 ’'mphocytes. There were few giant cells, small 
rosette forms and large foreign bod}”^ tj^ies. 

Rabbit R 618 showed the same reaction, but the clumps of epithelioid cells 
were still larger and more numerous. These lesions are shown in two photographs 
(Plate 7, Figs. 25 and 26). Multiple tubercle-like structures stained ratlier 
faintl}’’ are shown in Fig. 25, with a mass of l 3 '’mphocj’’tes at the upper right border. 
Fig. 26 is from the mesenter 3 " near the mesenteric lymph node; it shows a clump of 
epithelioid cells and one large giant cell, with a few epithelioid cells near it. The 
giant cell is complex. It has a peripheral row of nuclei and at one end a clump of 
nuclei ; it had phagoc 3 ’’tized a leucoc 3 ^te and in one zone the c 3 doplasm is vacuolated. 
It is probably an at 3 Tpical epithelioid or Langhans t 3 T)e. 

In general the specific reaction caused by fatty acid III 33fas over- 
whelmingly toward epithelioid cells as compared 3 vith giant cells. 
Only a few giant cells were found ; in some sections none. The specific 
activity of the soft wax and of the fatty acid III derived from it was 
practically equal in amount, and can be considered as + + -f- ht 
comparison tvith that of the phosphatide (+ +++) and fatty acid 

II (++). 

Glycerides 

The acetone-soluble glycerides (Table I) also soluble in alcohol- 
ether, have not been tested biologically, but we have studied the effects 
of the saturated fatty acids derived from the glycerides. The motlier 
substance was a brown solid of wax-like consistency. It yielded on 
analysis two saturated fatty acids, designated (Anderson’s No. 1) 
and V (Anderson’s No. 2), in Table I. The proportion of fatty acids 
in the original glyceride, namely, about 40 per cent, was much higher 
than that of any of the other three primary'- lipoids. Because of the 
larger quantities available. Dr, Anderson has been able to separate 
these two fatty acids by fractional distillation, and has found that each 
of them is composed of the same two simpler fatty acids, one optically 
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active and the other optically inactive, only combined in different 
proportions. He considers that the fatty acids previously described, 
I, II, and III, are also mbctures of fatty acids which may be separated 
by fractional distillation when sufficient quantities are available. 
Fatty acid IV contained more of the optically inactive form, which, 
on analysis, proved to have the formula C 13 H 32 O;. This isomer of 
stearic acid. Dr. Anderson has named tuberculo-stearic acid. It is 
an oil at room temperature. 

Fatty acid V contained a greater proportion of the optically active 
acid of the formula CisHsiO-. Dr. Anderson has named this fraction 
phthioic acid. It has a low melting point, 2S°C., and is optically 
active; [a]-" = 7.98°. The tuberculo-stearic and phthioic acids 
represent the highest chemical purity of any of the fractions thus 
far tested. 

Fatty acids W and V from the glyceride, and the phthioic acid all 
produced epithelioid cells and epithelioid giant cells in moderate 
numbers, while the tuberculo-stearic acid was negative in this reaction, 
indicating that the active element in aU three positive substances is 
the optically active phthioic acid. With these fatty acids, the epi- 
thelioid cells were scattered, as in Fig. 27, with no tendenc>’ whatever 
toward the formation of tuberde-hke bodies. In this regard these 
acids have differed from the other liquid saturated fatty acids, from 
phosphatide, purified wax, and soft wax, with all of which tuberde- 
like bodies were formed. The epithelioid cells produced were, how- 
ever, entirely typical if relatively few in number, as indicated by the 
symbol H- in Table I. 

The experiments with these two adds before and after the final puri- 
fication are summariaed in Table \TI. 

Two rabbits were given twelve intraperitoneal doses of each original mixture in 
0.5 cc. mineral oil, but the dosage of the purified forms was in each case only 5 mg. 
in contrast to 20 mg. of the corresponding fattv' acids before purification. 

Rabbits R 918 and R 919 received twelve doses of 20 mg. of fatt>' add 
Rabbit R 918 had a great excess of adipose tissue in omentum and mesentery, and 
the omentum was onlj' moderately thickened with new tissue. On the other hand, 
the omentum of Rabbit R 919 was markedly thickened. In both animals the most 
striking reaction was of giant cells, both types being present, but with more of the 
large, non-rosette tj'pes. Both showed some scattered epithelioid cells, none in 
the form of tubercles, not even in small clumps like those from the purified wax. 
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TABLE Vn 


Protocols 

Fatty Acids from the Glycerides 


No. of 
rabbit 

Substance 

tested 

Dose 

i Diluting 
menstruum 

Results 

Fatty add IV and its major fraction, tuberculo-stearic add 

R918 

Fatty add 
IV 

i 

12 of 20 mg. 


Great excess of adipose tissue in perito- 
neal cavity; omentum only moder- 
ately involved with new tissue. Few 
scattered epithelioid cells showing 
division; many giant cells, both types, 
predominantly foreign body; some 
free leucocytes; plasma cells. Marked 
dilatation of vessels 

R919 



0.5 cc. 
min- 
eral 
oil 

i 

Omentum markedly thickened; few 
scattered epithelioid cells; many giant 
cells, predominantly foreign body 
types; some free leucocytes; plasma 
cells; marked dilatation of vessels; 
clumps of myelocytes in omentum 

R980 

R981 

Tuberculo- 

stearic 

acid 

j 

12 of 5 mg. 

Omentum moderately thickened; milk 
spots of undifferentiated cells showing 
less reaction to neutral red than mono- 
cytes; occasional epithelioid cells; 
many foreign body giant cells; some 
free leucocytes; plasma cells 

Omentum moderately thickened, weight 
7 gm.; milk spots showed monocytes 
and occasional epithelioid cells; many 
foreign body giant cells; few free leu- 
cocytes; plasma cells 

Fatty add V 

R920 

Fatty acid 
V 

9 of 20 mg. 1 

0.5 cc, 
min- 
eral 
oil 

Died; immediate autopsy. Cause of 
death not determined. Cirrhosis of 
liver, large spleen (3 gm.); great e.x- 
cess of adipose tissue in peritoneal 
cavity; omentum showed some stimu- 
lated areas filled with cells, nature of 
which not determined, size of epitheli- 
oids but loaded with refractile bodies 
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TABLE VTL— Concluded 


Iso. cf 
rabbit 

Substance 

tested 

Dose 

DHatins 

mecatnuiia 

Rossi ts 

Fatty add V and its major fraction, phthioic add — Concluded 

R921 

Fatty add 
V 

1 

12 of 20 mg. 


Omentum markedly thickened; serosal 
celb filled with refractile bodies; 
scattered epithelioid celb, in divbioa, 
striking reaction; some epithelioid 
^nt cdb ; few free leucocytes ; plasma 
cdb 

R982 

Phthioic 

add 

12 of S mg. ^ 

0.5 cc. 
min- 
eral 

on 

Omentum markedly thickened; clasma- 
tocytes containing leucocytes or yd- 
low ddirb; no peritonitis; monocytes 
predominating reaction with a few 
epithelioid celb; great increase in 
mononudear free celb; many plasma 
celb 

R983 



- 

Massive thickening of omentum, weight 
18.5-r gm.; many scattered epithe- 
lioid celb in active division; epitheli- 
oid giant cdb; few leucocytes; plasma 
celb 


With such a difiuse and slight reaction it is difficult to Judge vrhether the increase 
was more than occurs with the mineral oil alone, but our estimate is that there 
was a slight specific reaction beyond that of the mineral oil. Both omenta showed 
some scattered Ieucoc>'tes, some plasma cells, a marked fonnation of new blood 
vessels, and in the case of Rabbit R 919 much increase in non-specific connective 
tbsue. 

Rabbits R 980 and R 981 which received twelve doses of S mg. of the opticallv 
inactive tuberculo-stearic add, showed aless marked reaction than the two rabbits 
Just described, and markedly less than the two animab with corresponding doses 
of the optically active substance (R 982 and R 983). Rabbits R 980 and R 981 
had only a moderately thickened omentum. -Again the giant cefls, which were 
largdy of the non-rosette type, predominated over epithelioid ceUs. Epithelioid 
celk were in minimal numbers, estimated as not more than in the mineral oil 
controb. In Rabbit R 980 there was one structure which under low power looked 
like a tuberde, but under the oE immersion lens there were only a few tj'pical 
epithelioid cdb in it; the majoritj' of the cdb were highly vacuolated forms, with 
practically no dense cytoplasm, Thb structure was partly surrounded by lym- 
phocytes. Thus we estimate that tuberculo-stearic add has almost no specific 
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power in the production of epithelioid cells and only a little tendency toward the 
production of non-specific connective tissue, a finding in conformity with the reac- 
tion to commercial stearic acid itself. All four animals in this group showed 
plasma cells in considerable numbers. The fact that the dosage of the purified 
form was only one-fourth that of the fatt}"^ acid IV makes these conclusions subject 
to revision, if dosage subsequentlj’- proves to be a major factor. 

Four rabbits (Table VII) received the opticallj’’ active forms of the fatty acid 
from the glycerides. Rabbit R 920 (fattj^ acid V) proved to be unsatisfactory for 
the experiment on account of the great excess of adipose tissue in the peritoneal 
cavity. The animal died 2 days after the ninth injection, and the cause of death 
could not be determined at autopsy, Avhich was made inunediately after death. 
The omentum showed some stimulated areas in which the cells, as seen supravi- 
talty, were of the size of epithelioid cells, but were whoU}'^ filled with refractile 
bodies which in sections appeared as vacuoles. Their nature was not determined. 
The other three rabbits, R 921, R 982, and R 983, all showed a massively thickened 
omentum. The first one, R 921, received the fatty acid V (20 mg.) before the 
purification and the other two the smaller doses (5 mg.) of the phthioic acid. In 
Rabbit R 921 scattered epithelioid cells were a striking reaction with marked cell 
division, as is shown in Fig. 27. It will be noted in this section tliat there is 
practicall 3 ’^ no tendencj^ toward the formation of tubercle-like clumps. Supravi- 
tally the milk spots of the omentiun were seen to be filled with epitlielioid cells. 
There were giant cells, many of them of the rosette t 3 'pe. There was also much 
non-specific connective tissue, with leucoc 3 'tes, l 3 Tnphocytes, and plasma cells. 
With the purified phthioic acid, the two animals differed in the specific response. 
In Rabbit R 982 the specific reaction was predominantl 3 ’^ of monoc 3 des, as seen in 
the fresh tissue, with onl)'' occasional epithelioid cells; in Rabbit R 983 there were 
more epithelioid cells, nearl 3 ’' as man 3 '- as in Rabbit R 921. These cells were also 
in active division, so that Fig. 27 is a fair representation of them also. The com- 
parison of the tissues of R 921 and R 983 is difficult because there was so much 
greater increase in the non-specific connective tissue in Rabbit R 983 than in R 
921, which makes the epithelioid cells in R 983 appear more diffuse. If they are 
estimated as approximatel 3 ’’ the same in amount, the purified form of the fatty 
acid would be considered the more potent, since the dose was one-fourth as large. 

Both Rabbits R 982 and R 983 had a marked increase in free, round mononuclear 
cells, as distinguished from the fi-ved connective tissue cells. In this regard the 
tissue is to be contrasted with that from the reaction to the purified wax and its 
unsaponifiable derivative, with which the non-specific connective tissue was com- 
posed more of fixed than of wandering ceils. The free mononuclear ceils in R 
982 and R 983 were of varied t 3 T>es, h’lnphocytes, monoc 3 ffes, and plasma cells. 
Leucocytes in considerable numbers were diffusel}^ scattered in both omenta. 

In Rabbit R 983 there was a ver 3 ' great increase in non-specific connective 
tissue; after the supramtal preparations had been made, the omentum weighed 
18.5 gm., as contrasted with the weight of the omentum in Rabbit R 981, namely 
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7 gm. We had not weighed the omenta from the rabbits in our series pre\dously 
and the varjdng amount of adipose tissue would make the weights in normal con- 
trols subject to a wide variation. But in a few controls which had been given 
relativelj- inert substances and had relatively little e.vcess fat, the weights have 
varied between 1 and 4 gm. In Rabbit R 983 the adipose tissue had been mark- 
edl}' replaced by new connective tissue, so that the former was not a disturbing 
factor in the weight of 18.5 gm. which may thus be considered as indicating a 
marked increase in new tissue. In this new tissue the specific reaction is minimal 
as compared w-ith the non-specific. 

In all the animals receiving the derivatives of the glycerides, the 
diffuse character of the reaction of epithelioid cells stands in con- 
trast to the cliunping of epithelioid cells, already described in the 
. case of the phosphatide, and of the waxes and the fatty adds derived 
from them. Plasma cells have been a constant reaction to aU 
the preparations of fatty adds from the glycerides and have thus been 
a more consistent response in this group than in any of the other frac- 
tions tested. In general, we have not found plasma cells in the acute 
reactions, those after one, two, and three injections, but they have 
been present occasionally after the twelve injections. 

sxnniARY 

The fatty add I from the phosphatide proved to be too irritating 
for administration undiluted, but dissolved in a bland oil it produced 
tubercular tissue in approximately the same amoimt as the phosphatide 
and in tubercle-like masses that dosely resembled the reaction of fhe 
actual infection. Its amount is indicated as -f-f + -r- The chloro- 
form-soluble lipoids insoluble in acetone, which were in the form of 
wax-hke substances, and the liquid saturated fatty acids derived from 
them caused the production of abundant epithelioid cells and epi- 
thelioid giant ceUs, in the form of tuberde-like bodies. The specific 
activity of the soft wax and fatty add HI might be estimated as 
-f -f ; of the purified wax and fatty add EE as 4- -}-. The soft wax 
was more irritating than the purified wax and caused much more con- 
gestion; the purified wax and the unsaponifiable partition from it 
gave a marked increase in general connective tissue cells. 

The original glyceride fraction has not been tested; it cxtntained two 
fatty adds (R'’ and ^Oj h much higher proportion (40 per cent) than 
the phosphatide A-3 and the waxes. Each of these fatty adds was 
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found to be a mixture of two saturated fatty acids; one, optically 
inactive, an isomer of stearic acid, and therefore called tuberculo- 
stearic acid, was relatively inert in the tissues; the other, optically 
active, and named phthioic acid, caused a production of scattered 
epithelioid cells but not in aggregates like tubercles. It is probable 
that the saturated fatty acids from the phosphatide A-3 and from 
the waxes also contain tuberculo-stearic and phthioic acids in vary- 
ing proportions. 

NON-SPECIFIC REACTIONS TO LIPOIDS, AND CONTROLS 

The partitions of the lipoid whicli have proved inert as regards 
specific ability to produce epithelioid cells are considered in this 
section, as are also certain other substances used either as diluting 
menstrua for the fatty acids, or as general controls. 

For the study of the direct effect of any substance upon the connec- 
tive tissues, the intraperitoneal route has certain advantages owing 
to the nature of the omentum. 

This broad, thin membrane affords a most favorable place for tlie stud}'’ of the 
cells comprising the diffuse connective tissues, inasmuch as any substance injected 
into the peritoneal cavity passes directly to it and affects its elements. From the 
experimental standpoint, the omentmn may be thought of as offering an oppor- 
tunit)^ to study tissue reactions occurring in vivo in a manner somewhat analogous 
to the method of in vitro tissue culture. It does not offer, of course, the oppor- 
tunity to observe cells under conditions of strict isolation (tissue culture) over a 
period of days, nor that of experimenting on such strains in vitro. On the other 
hand, it does give opportunity to analyze reactions in a relatively simple back- 
ground, while the cells are at the same time subject to tlie factors of general metab- 
olism and physiological environment of the organism as a whole. The analogy to 
tissue culture rests, of course, on the nature of the milk spots, which are small 
dumps of young cells that, in the earlj'’ response to certain stimuli, grow as an 
almost single strain of cells and radiate out from the edges of the central mass into 
the membrane so as to simulate tlie appearances of a culture. Beside this striking 
reaction within the milk spots, the more general response of the omentum involves 
an outpouring of cells from blood to tissues, changes in the blood vessels them- 
selves, and changes in the general connective tissue cells of the organ. These 
cellular activities may be in the nature of increased division, or increased phago- 
cytic action of mature cells, or of maturation of new forms from primitive t>’pes; 
or the formation of cell tj^pes which may be considered as pathological. Any 
specific reaction must be anal}'’zed in terms of all tliese factors. 
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Normal Omentum and Peritoneal Fluid. — N study of the normal 
omentum and peritoneal fluid was a necessary background for our 
experimental work. There have been three recent surveys of the 
omentum and its cells (von Mollendorff, 20, Cimningham, 21, and 
Maximow, 22). For the purposes of the studies here reported, it 
has been necessary to establish the normal under the same conditions 
and with the same technique used in testing the fractions from the 
tubercle bacillus. This has consisted in a supravital study of the 
living cells of the omentum and peritoneal fluid stained in neutral red 
and Janus green, the same technique used by Cmmingham, correlated 
^-ith a study of fixed sections and fixed films of the cells. 

As is well known, the normal omentum is a thin, double layer of delicate con- 
nective tissue in which may be seen a few sparsely scattered, small, opaque areas, 
the milk spots. When the two layers are carefully separated and one thickness 
is spread on a slide, it appears to be an intact membrane with complete covering 
of serosal cells. With the slightest irritation the serosal cells develop refractile 
bodies and tend to drop off, leaving denuded areas. Mounted on a film of neutral 
red, the serosal cells show no reaction to the dye and the fibroblasts but little 
reaction; in each field there ate a few scattered, elongated clasmatocytw or macro- 
phages which contain scattered, small masses of d6bris staining a deep red in the 
dye. These cells comprise the principal stained elements of the interspaces. 

The m i lk spots are small clumps of ceDs, sometimes not more than 20 in num- 
ber. In eleven animals in which the omentum was, as far as could be determined, 
entirely normal, two types of cells predominated in the milk spots. One of these 
was the cell we have called the monocyte with typical rosette of neutral red bodies, 
and the other a cell of like size with neutral red bodies like those of the rosette of 
the monocyte, but so scattered in the cytoplasm that they do not accentuate the 
area of the ceutrosphere. A given milk spot may be entirely of rosette cells, or 
of cells with scattered neutral red bodies, or mixed. In one rabbit (R 651), the 
milk spots were densely cellular and made up of round types the size of monocytes 
or larger, with a dense, uniform cytoplasm that showed scarcely' any reaction to 
neutral red. The nuclei of these cells were large, round, centrally' placed, and bad 
conspicuous nucleoli. These cells we consider as more primitive than the rosette 
cell or the type with scattered neutral red bodies, and not to be identified as mono- 
cyte, clasmatocyte, or lymphocyte. It is clear that the study' of living connective 
tissue has for its object the detection of signs of immaturity' and differences in 
function or in functional states within the group of connective tissue cells. Nagel 
(23) has recently found that the fibroblasts in tissue culture show but little reaction 
to neutral red in y'oimg (24 hour) cultures, while the cells of the more mature 
cultures stain well. 
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Three of the eleven animals showed small foci of Ij'mphocj'tes in the milk spots. 
Beside these strains of cells, an occasional milk spot contains a few long, branched 
clasmatocj-tes like those of the interspaces or a round phagocj-tic cell with the 
varied vacuoles characteristic of the active clasmatocj'te; but in general the milk 
spots are made of cells that we consider as relativelj- young, for they are the first 
to respond with active cell division imder experimental stimuli. 

The cells of the peritoneal fluid were studied in the same eleven animals "with 
total counts and a difi'erential count made of the li\-ing cells. The results are 
averaged in the second and third columns of Table \Tn. These figures are to be 
compared with the records of all the animals in this series in which counts of the 
cells of the peritoneal e.xudate were made. 

In these counts the total free cells were below 2,970 per c.mm. in all but one 
rabbit, the range being from 175 to 8,000. It will be noted that the predominating 
form was the cell with the rosette, the so-called monocj’te, while the more actively 
phagocj'tic forms containing irregularly staining debris which were recorded as 
clasmatocytes averaged 9 per cent. Only one basophil, no eosinophils, and only 
one monocyte with accentuated rosette were observed. Very few red blood cells 
were found — 0 to 20 while counting 200 white cells. 

In one rabbit (R 651) 26 per cent of undifierentiated cells were encountered, 
which corresponded with a predominance of the same Uyie of cell in the milk 
spots of the omentum just described. Three of the animals showed definite foci 
of l>'mpho<y’tes in the omentum, and in the respective peritoneal fluids these cells 
made up 34 (R 578), 48 (R 650), and 56 (R 879) per cent of the free cells found. 

From these studies it may be accepted that there is so close a corre- 
lation between the omentum and the cells free in the peritoneal ca^’ity 
as to suggest the omentum as the source of the free cells ; that the milk 
spots are collections of yotmg cells, more or less differentiated; that the 
phagocytic cell of the interspace is the dasmatocjde (macrophage or 
histiocyte) ; that the serosal cells and fibroblasts are inconspicuous in 
supravital films; and that the total number of free cells in the peri- 
toneum is small. Gardner (24) has recently published figures on the 
normal differential count of the cells of the peritoneal fluid in guinea 
pigs, and his average and limits of variation for the different tj'pes 
dosely parallel those here cited for the rabbit. 

Effects of the Vehicles Used in Administering the Tuberculo-Lipoid 

Water and A'ormal Saline. — In general two forms of diluting men- 
strua were obligatory in the fraction-testing experiments, aqueous 
for the phosphatide and a bland oil for the fatty adds and waxes. It 
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was obviously necessary to determine the effects of the menstrua 
as such. 

There is an outpouring of neutrophilic leucocytes within 5 minutes after the 
injection of any fluid into the peritoneal cavity, a fact that has recently been 
emphasized again by Gardner. It has been necessary, therefore, to determine the 
state of the omentum after a series of injections of distilled water or of physiologi- 
cal saline, the diluents of choice for the introduction of any substance into the 
peritoneal cavity. In everj’’ instance the water employed in these experiments 
was freshly distilled from glass and sterilized immediately before using. From 
Table VIII it wiU be seen that the differential count of the free cells after injections 
of distilled water remained practically unchanged. Though the total cells per 
c.mm. showed a decided increase over the normal there was no percentage increase 
in neutrophilic leucocytes. In the animal (R 709) receiving the distilled water, 
the parietal and visceral peritoneum was entirely normal in appearance, except for 
a slight increase in vascular dilatation in the omentiun. Microscopically there 
was evidence of a slight reaction, some of the serosal cells being rounded up with a 
few retractile droplets and the clasmatocytes with stained debris being slightly 
increased in number in the interspaces. The milk spots consisted, as normally, 
of monocytes and clasmatocytes, with an occasional monocyte having an increased 
rosette; no giant cells were seen. There were foci of both primitive cells and 
lymphocytes. No abnormal findings were recorded in any of the organs except 
in the bone marrow which showed supravitally a decrease in the usual fat content 
and on section revealed shrunken fat cells in a granular matrix. The myeloid and 
erythroid cells were entirely normal in their relationships. No anemia and no 
leucocytosis in the peripheral blood developed during the period of the injections. 

In Rabbit R 730 the twelve daily injections of freshly prepared normal saline 
again increased the total number of free cells found in the peritoneal fluid without 
altering appreciably their normal percentages (Table VIII) ; the omentum showed 
no changes in the gross, and, supravitally, showed essentiall}'' the features men- 
tioned as present after distilled water. In this animal, however, there was a 
sudden drop of 1,500,000 in the number of red blood cells per c.mm. and of 15 per 
cent in the hemoglobin (Newcomer) in the last 3 days of the injection period. At 
autopsy a local peritonitis at the site of injection over the waU of the cecum was 
encountered; this may have been responsible for the anemia. At no time was 
there found any increase of total white blood cells. The bone marrow was gela- 
tinous and there was decreased fat content with a shift to earlier developmental 
forms in both red and white cell series. 

It seems evident, then, that either the immediate increase of leuco- 
cytes in the peritoneal cavity initiated by the injection of salt solu- 
tion or distilled water into the peritoneal cavity is transitory or, with 
repeated injections the response becomes minimal, because 48 hours 
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after the twelfth injection, neither peritoneal fluid nor omentum 
showed any increase over the normal in number of neutrophihc leuco- 
cytes. The fixed sections showed only scattered plasma cells and a 
fevr clumps of monocyte with an occasional epithelioid cell and 
clasmatocyte. 

As has been explained in a preceding section (page 28), the specific, 
liquid, saturated fatty adds could not be given in water, and when 
given imdiluted were so corrosive that any specific reaction was largely 
masked by an extreme irritation. Moreover, the waxes and their 
derivatives were not misdble with water, so an effort was made to 
fin d a bland oil as a menstruum. Olive oil, oleic acid, and two purified 
mineral oils were successively tested for their effect on the peritoneum 
in the hope that a relatively inert diluent might be found. 

Olive Oil . — Five rabbits (R 338, R 341, R 665, R 800, and R 829) received olive 
oil intraperitoneally in daily doses of 5 cc. each. The severitj' and extent of the 
reaction varied somewhat in the several animals but even from the least reactive it 
was apparent that the irritative effect of olive oil was so great that it would mask 
effectively any specific reaction that might be expected from a substance given in 
combination with it. The effects observed ranged from a moderate omental 
reaction, consisting chiefly of many foreign body giant ceUs scattered singly and 
with little diffuse cellular reaction otherwise (R 341), through massive thickerung 
OTth foreign body giant cells, clasmatocytes, and fibroblasts predominating (R 
338), to a massive reaction involving monocj-tes, epithelioids, and ^ithelioid giant 
cells and foreign body giant cells in great abundance (R 829). In the last in- 
stance, in which trypan blue was given intravenously together with olive oil 
intraperitoneally, while there were areas suggestive of tubercular granulation 
tissue, the tissue in general did not show this reaction to the degree characteristic 
of the phosphatide A-3 and of the tubeiculo-fatty adds. See protocols, page 57. 

Oleic Acid . — Oleic add was identified as one of the constituent fractions com- 
posing the original phosphatide A-3 of the tuberde badllus and was considered as 
a possible menstruum for the introduction of other fractions. Six rabbits were 
given various dosages of the oleic add. In all these there was a marked corrosive 
action on the peritoneal tissues. The smallest amount given — 0.1 cc. in a single 
injection was followed by a leucocyteK:lasmatocyte reaction with abscess forma- 
tion within 24 hours. Larger amoimts over longer periods gave an accentuation 
of this reaction with foreign body giant cells and a marked non-spedfic irritative 
response. 

It is thus dear that oleic add plays ouly a non-specific role in tuber- 
culosis if it is liberated in the tissues in the process of badllar^’^ dis- 
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integration, but that inherent irritative properties eliminate it as a 
possible menstruum for other substances. 

Mineral Oil . — A relativelj’’ pure mineral oil (Nujol) was next injected in a series 
of ten rabbits at diSerent times and in different dosages, and, while again the reac- 
tion varied in different animals, it was found in general to be the least irritative of 
any of the solvents for lipoids tested. After from one to three injections of 0.5 
cc. each the reaction was negligible. Three onb’- of the eight rabbits receiving from 
ten to twelve injections of the mineral oil showed any considerable evidence of 
reaction at autops 3 ^ All had appreciable quantities of the oil still free in the peri- 
toneal cavitjf but in only one animal (R 663) was there any evidence of irritation 
other than in the omentum. In general the more striking effect was a non-specific 
stimulation of connective tissue involving clasmatoej’-tes and fibroblasts. The 
nature of this reaction is shown in Fig. 19, Plate 6, which is a spread of the omen- 
tum from Rabbit R 661, stained with neutral red and photographed while the cells 
were still living. It shows a general increase in fibroblasts and in number and 
activity of elongated clasmatocytes of rather uniform type. This area is repre- 
sentative of the thinner portions of the omentum from this rabbit. In the thicker 
parts of the tissue the reaction was less uniform and showed granulocytes scattered 
diffuseb^ and a considerable number of foreign body giant cells. There was some 
monocytic response and a minimal reaction of epithelioid cells. 

The minimal reaction observed after tlie use of tliis mineral oil 
alone established its value as a menstruum for introducing substances 
insoluble in water. 

A still further purified, less viscous mineral oil (No. 4 Socony white 
oil, Standard Oil Company of New York), when given in one animal 
in the same repeated dosage as the Nujol, showed a reaction the 
equivalent of the least irritative response found after the latter, and 
can also be used as a diluent. 

Special Controls for the Phosphatide Reactions 

Killed Tubercle Bacilli . — The first reaction analyzed as an essential 
control was, of course, that elicited by the original killed tubercle 
bacilli themselves. 

That dead tubercle bacilli produce tubercular tissue has long been known ; the 
historical significance of this reaction has been traced in a previous report (3). 
The matter was conclusive^ settled in 1891 by Prudden and Hodenpjd (18, 19), 
but in their e.xperiments injections of “2 to 3 cc. of a milkj' suspension” were used, 
from which the dose cannot be estimated, the experiments ha%dng been done 
before methods of weighing and counting of bacilli in suspensions had been em- 
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ployed. In the original phosphatide A-3, there was a small amount of material 
which was acid-fast and our first control was to inject a small dose of killed bacilli 
of the strain under investigation, H-37, in quantities (a total of from 3 to 7 mg. in 
fourteen doses) estimated to appro-cimate the amount of acid-fast debris in a 
standard dosage of the phosphatide. The results of our e-^eriments were reported 
in detail in 1927 (3). Small and infrequent tubercles were found proportional to 
the small dose of organisms but in no instance was there the quantitative reaction 
observed after the administration of phosphatide. As a further control, it was 
thought of interest to determine if possible the effect of heat-kiUed bacilli in dosage 
(1.6 gm.) the equivalent of the 80 mg. of the phosphatide A-3. In this dosage 
the phosphatide has been given in 10 cc. distilled water in twelve daily injections 
without any symptoms whatever. A single corresponding dose of 1.6 gm. of dead 
tubercle bacilli, H-37, killed each of two rabbits (R 1084 and R 1085) in less than 
24 hours. The bacilli were found massed in the peritoneal cavit>' with relatively 
little absorption, the fatalities being due evidentlj' to some soluble toxic products 
accompanj-ing this large dosage. 

Leciihin . — \\Tien it was found that the phosphatide A-3 gave such 
an extensive formation of epithelioid cells, another phospholipin, 
lecithin, prepared from brain tissue by Dr. P. A. Levene, to whom we 
are indebted for the material, was tested for comparison. 

Two rabbits, R 243 and R 244, each received to begin with fourteen intraperi- 
toneal injections of 80 mg. and then one of 122 mg. of lecithin each in 10 cc. dis- 
tilled water. Though the amount was thrjs greater than that of the phosphatide 
A-3 from the tubercle bacillus, the cellular reaction was much less. In R 243 the 
omentum was almost normal in thickness in the gross, except that at one end there 
was a pink nodule which looked, with the unaided eye, like the reaction to phos- 
phatide A-3. There were also one or two nodules in the mesenterj*. In R 244 
much of the omentiun was thin, but there were some pink bands too thick to study 
supravitally . The reaction was complex; there were many of the large, vacuolated 
cells, such as we have found after one, two, and three injections of the phosphatide 
A-3 (Figs. 1-3) ; but when these cells, which had stained brilliantly in neutral red, 
were faded in formalin and then restained with Sudan m, they gave the tj-pical 
reaction of fat. In sections the reaction of the less dense areas might be described 
as a pol>morphonnclear and round cell infiltration; there were clasmatocx-tes 
loaded with debris and with leucocytes, many free leucocj'tes, hmphocj'tes, and 
plasma cells, together with large, round, highly vacuolated cells, and a few scattered 
epithelioid cells. The nodules, on the other hand, which were seen as pink tissue 
in the fresh, proved to be typical, tuberde-like clumps of epithelioid cells with a 
few Langhans’ giant cells ; some of these foci were surrounded with hmphocj'tes 
and a few had been invaded with leucocj'tes. 
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The lecithin gave a mixed reaction with some production of tubercu- 
lar tissue, typical in appearance, but minimal in amount, as compared 
with the reaction to the phosphatide A-3. 

As a test of the biological reaction to phosphorus, one animal was 
given red phosphorus in normal salt solution with a marked granulo- 
cytic response, and some apparent formation of new young monocytes. 
Lawrence and Huffman (25) have observed an increase in the number 
of monocytes in the blood following six to seven subcutaneous injec- 
tions of yellow phosphorus in oil. 

Non-Specific Lipoid Fractions 

The phosphatide A-3, Table I, yielded, upon analysis, four subfrac- 
tions which did not produce epithelioid cells, and a fifth, a sugar acid 
which has not been tested. The non-specific irritant action of oleic 
acid has been described in a preceding section of this chapter, which 
dealt with the search for a bland menstruum in which to administer 
more corrosive substances. 

Palmitic Acid. — Four rabbits (see protocols appended) received 
palmitic acid in mineral oil in amounts equivalent to those of the 
saturated fatty acids. There was in each instance an irritative reac- 
tion, entirely non-specific, involving primarily clasmatocytes. 

Glycerophosphoric Acid. — The glycerophosphoric acid secured from 
the phosphatide was given as sodium glycerophosphate in distilled 
water in amounts equivalent to those which were received by the 
animals given 80 mg. of phosphatide per dose. The only tissue reac- 
tion was a minimal response of leucocytes and clasmatocytes. Like- 
wise, when glycerol c.p. was given in mineral oil, only the finding of 
phagocytized oil droplets in the cells of otherwise unstimulated milk 
spots gave evidence of the series of injections the rabbits had received. 

Glucose and the sugar acid have not been tested on the cells of the 
omentum. Thus, the biological evidence for the non-specificity of the 
subfractions, other than the saturated fatty acid, from the phospha- 
tide, confirms the original view that the principle active in the produc- 
tion of tubercular tissue is quantitatively contained in the fatty acid. 

Stearic Acid. — An isomer of stearic acid, which Dr. Anderson has 
termed “tuberculo-stearic acid,” was isolated as one of the constituents 
of the fatty add derived from the glyceride fraction. The non- 
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specific character of the tissue response to this acid has been described 
in detail in the preceding part of this communication. For comparison 
stearic acid c.p. was given to five rabbits (see protocols appended). 
There resulted a minimal reaction, even less than that elicited by its 
isomer; it reflected a mild response of dasmatocytes, monocytes, 
and epithelioid cells. 

The maximum response of non-specific diffuse connective tissue was 
elidted by the unsapomfiable partition from the purified wax. The 
details of this reaction have been induded in the preceding section. 

A comparative study of the substances reported in this chapter which 
have not produced epithelioid cells, reveals three as outstanding from 
the rest in their reactions in the tissues: ledthin, olive oil, and the 
vmsaponifiable substance from the purified wax. Ledthin is the only 
substance used as a control thus far which has given tissue that could 
be called tubercular or tuberde-like in its structure. This particular 
reaction was, however, minimal in amount when compared with the 
reaction to the phosphatide A-3 from the tubercle bacillus, and con- 
sisted of a few localized tubercles in omentum, mesentery, and wall of 
the intestine in areas otherwise not much thickened. The olive oil 
gave rise to an extreme reaction of large, foreign body giant cells. The 
unsaponifiable substance produced fully as much new tissue as the 
phosphatide A-3, but none of it was in the form of tubercles; instead 
there was a marked new growth of general connective tissue cells. 
These three reactions were suffidently distinctive for the nature of 
each irritant to be identified from a study of the tissues. 

In all the other controls, the calling of leucocytes into the tissues 
and a stimulation of dcismatocytes to phagocytic action have been 
the common reactions; there have also been some increase in mono- 
cytes, a minim al formation of epithelioid cells, the production of giant 
cells, plasma cells, and, occasionally, a local increase in lymphocytes. 
None of these reactions, however, have been suffidently distinctive 
to enable one to identify from the appearance of the sections the 
reagent used. 

PROTOCOLS OF RABBITS 

Controls. AH Injections Inlraperitoneal 

R 709. 12 doses of 10 cc. aq. desl . — No increase in milk spots, slight vascular 
dilatation in omentum. Clasraatocytes and serosal cells predominant. No in- 
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crease of monocytes. Foci of primitive cells and lymphocytes. Bone marrow 
showed decrease in fat content. 

R 730. 12 doses of 10 cc. normal saline. — Omentum showed no change in the 
gross. Supravitall.v, findings similar to those in R 709. 

R 247. 12 doses of 0.25 mg. H-37 tubercle bacilli {inaclhafcd at 60°C. for 1 hr.) 
in 10 cc. normal saline. Total of 3 mg. in 14 days. — Omentum showed some in- 
crease in milk spots with clasmatocytes and IjTOphocytes predominating. Very 
few epithelioid and Langhans’ giant cells seen. One small typical tubercle found 
in fi.Ked tissue. 

R 24S. 16 doses of from 0.25 to 3 mg. H-37 tubercle bacilli {inactivated at dO’^C. 
for 1 hr.) in 10 cc. normal saline. Total of 7 mg. in 19 days. — Omentum definitely 
stimulated. Many clasmatocytes, plasma cells, and a marked infiltration of 
lymphocytes. Occasional area of beginning necrosis with leucocytic infiltration. 
Tubercles were small and all surrounded by a dense thick wall of Ijnnphocytes. 
Typical tuberculous granulation tissue in limited amount. 

R 243. 15 doses of from 80 to 122 mg. lecithin in 10 cc. aq. dost. Total of 1,242 
mg. in 17 days. — Omentum appeared normal in the gross e.\'cept for one pink 
nodule and some vascular dilatation. Increased phagocj'tosis b}’’ cIasmatoc 3 'tes. 
Reaction of perivascular adventitial cells. The nodule was a clump of epithelioid 
cells like a tubercle with a few Langhans’ giant cells. 

R 244. 15 doses as in R 243. — Omentum showed moderate thickening with 
some pink bands. Predominant reaction was of clasmatocytes highlj’- phagoc.vtic, 
with many large vacuoles. Phagoc.vtized material aU stained with neutral red 
and afterward with Sudan III. Occasional epithelioid cell seen in supravital films 
and the pink bands were clumps of epithelioid cells with a few epithelioid giant 
cells. 

R 245, 15 doses of lecithin plus killed tubercle bacilli in 10 cc. aq. dcsl. Total of 
1,242 7ng. lecithin a7id 3.75 7ng. tubercle bacilli m 17 days. — Omentum maintained its 
normal delicacy but with decided increase in milk bodies. Supravitall)" tliere 
were many epithelioid cells and clasmatoc 3 'tes, with serosal cells prominent. 

R 246. 15 doses. Total of 1,242 7ng. Iccithm and 4 7Ug. tubercle bacilli in 17 
days. — Omentum showed some vascular dilatation, with milk spots onh'moder- 
ate! 3 ' apparent. Predominant reaction was of clasmat 0 C 3 ’’tes and l 3 TOphoc 3 ’tes 
with occasional epithelioid and Langhans’ giant cells. 

R 33S. 15 doses of 5 cc. olive oil. — Few adhesions and great quantit 3 ' of fat in 
peritoneal cavity. Omentum thickened, with many clasmatoc 3 des, fibroblasts, 
and ver 3 " large foreign bod 3 ’’ giant cells. Epithelioid cells and epithelioid giant 
cells few and scattered. 

R 341. 15 doses of 5 cc. olive oil. — Massive fat in peritoneal cavit 3 '. Omentum 
onl 3 ' moderatebv stimulated, much of it remaim’ng delicate and thin. All connec- 
tive tissue cells filled with oil droplets. Vcr 3 ’- few epithelioid cells. Predominant 
reaction was of large foreign body giant cells scattered singb' in the areolar tissue 
with ver 3 " little cellular reaction otherwise. Ver 3 " few epithelioid giant cells. 
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R665. 11 dozes of 5 cc. olive oi7.— Serosa of cecum markedly irritated; omentum 
thickened, fibrous, and inflamed. Much fat, free and adherent, and an e.’ccess of 
opaque oily fluid in peritoneal cavity. Predominating cell in fluid and om’entum 
vras the monocyte, with many single and multinucleated epithelioid cells. There 
were more large foreign body giant cells than small epithelioid giant cells. Reac- 
tion mLved and very comple.v. Several small abscesses with infiltration of neu- 
trophils. 

RSOO. 2 doses of 5 cc. olive oil plus 2 cc. 1 per cent Niagara blue intravenously . — 
Predominantlj' a clasmatocj'tic reaction as proven by accompanj-ing intra\’ital 
stain. Few neutrophils. Very little reaction in general. 

R 829. 12 doses of 5 cc. olive oil plus 1 per cent trypan blue intravenously. Total 
26 cc. trypan blue in 13 days. — ^lore general cellular reaction in omentum than in 
other rabbits with olive oU. Alonocytes, epithelioid cells, and small epithelioid 
giant cells were predominant. Clasmatocytes and foreign body giant cells compli- 
cated the picture. Tiypan blue in finely divided state formed the rosette in the 
epithelioid series and appeared in larger aggregations in clasmtoacj'tes and foreign 
body giant cells. 

R 39S. 1 dose of oleic acid 0.1 cc. — Alany neutrophilic leucocytes. Some 
phagocytized by clasmatocytes. A few young monocytes seen. One small 
abscess. Otherwise normal omentum. 

R 400. 2 doses of 0.1 cc. oleic acid. — Adhesions between cecum and peritoneal 
wall, sharply localized. Omentum normal in the gross. Many neutrophils and 
clasmatocytes in certain areas. 

R 402. 3 doses of 0.1 cc. oleic acid. — Adhesions between cecum and parietal 
peritoneum. Serosal cells irritated. Most of neutrophils are in clasmatocytes. 
Yoimg monocytes but no epithelioid cells seen. 

R 435. 1 dose of 1 cc. oleic acid. — ^Excess of peritoneal fluid with white granular 
exudate over cecnun and liver. Omentum showed vascular ciilatation and many 
neutrophils and clasmatoc 3 "tes. Few ymmg monocytes present. Multiple 
abscesses. 

R 444. 1 dose of 1 cc. oleic acid. — Some increase of milk spots in omentum but 
otherwise content of peritoneal cavity normal in gross. Alany actively phagu; 
cj’tic clasmatoc^Ues and young monocytes. Few changes of primitive cells. No 
epithelioid cells seen. 

R 1025. 12 doses of 0.1 cc. oleic acid in 0.5 cc. mineral oil. — .Adhesion of ceemm 
and loop of small intestine to peritoneal wall. Alucdi fibrinous exudate. Omen- 
tum moderatdj’ thickened. Clasmatocytes the predominant reaction. Neutro- 
phils and fibroblasts, but very few monocytes. No epithelioid cells. Few foreign 
body giant cells. 

R 459. 1 dose of 1 cc. mineral oil. — Omentum normal. Alilk spots composed 
of clasmatocytes. Few young monocytes, and plasma cells. No epithelioid 
cells. No increase of neutrophils, 

R 511. 3 doses of 0.5 cc. mineral oil. — Omentum normal. Branched clasmato- 
cytes not stimulated. 
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R 503. 12 doses of 0.5 cc. mineral oil daily. — Small amount of opaque peritoneal 
fluid containing many neutrophils, monocytes, serosal cells, and occasional 
epithelioid cells and clasmatocytes. Much fat in omentum; otherwise normal. 
Clasmatocytes contained some phagocytized red and white blood cells. Few 
monocytes, occasional epithelioid cell. Many neutrophils. Many vacuolated 
mononuclears. Verj'- occasional vacuolated giant cell. Plasma and primitive 
cells. 

R 621. 12 doses of 0.5 cc. mineral oil daily. — Omentum entirely normal in the 
gross. Many foci of plasma cells and lymphocytes. Some vacuolated mono- 
and multinuclear cells. Occasional neutrophils. Some monocytes and few 
epithelioids, and foreign body giant cells. 

R 622. 12 doses of 0.5 cc. mineral oil daily. — Peritoneal cavity normal and very 
few cells in the opaque fluid. Omentum only showed evidence of reaction. Many 
monocytes and clasmatocytes, few epithelioid and epithelioid giant cells. Many 
foreign body giant cells, some with vacuoles. Frequent foci of lymphocytes. 

R 660. 10 doses of 0.5 cc. mineral oil daily. — Peritoneal cavity contained a 
small amount of opaque fluid. Cell count 7,000 per c.mm. Neutrophils 13 per 
cent; lymphocytes 19 per cent; monocytes 66 per cent; clasmatocytes 1 per cent; 
unclassified 1 per cent. Omentum showed stimiflation only in the portion dorsal 
to the greater curvature of the stomach. Areas between milk spots practically 
unstimulated. Many of cells of milk spots contained oil droplets obscuring 
cytoplasmic structures. Typical monocytes and clasmatocytes abundant. No 
neutrophils or lymphocytes. Epithelioid giant cells and foreign body giant 
cells very rare. 

R 661, 12 doses of 0.5 cc. mineral oil daily. — Small amount of opaque fluid in 
the peritoneal cavity contained 26,800 cells per c.mm. Neutrophils 21 per cent; 
lymphocytes 30 per cent; monocytes 33 per cent; clasmatocytes 6 per cent; un- 
classified 10 per cent. Omentum showed some increase of milk spots and a few 
pink, thickened areas. Some plasma cells, monocytes, occasional epithelioid cell 
and epithelioid giant cell. Many lymphocytes. Predominant reaction was of 
clasmatocytes, fibroblasts, and foreign body giant cells. See Plate 6, Fig. 19. 

R 662. 12 doses of 0.5 cc, mineral oil every 48 hours. — Some increase of fluid 
in the peritoneal cavity. Neutropluls 36 per cent; lymphocytes 22 per cent; mono- 
cytes 39 per cent; clasmatocytes 2 per cent; serosal cells 1 per cent. Omentum 
showed only a moderate increase of milk spots, composed either of clasmatocytes 
or monocytes. Interspaces unstiraulated. Both epithelioid and foreign body 
giant cells few in number. Occasional epithelioid cell, monoc 3 'tes frequent. 

R 663. 12 doses of 0.5 cc. mineral oil every 48 hours. — Cellular peritoneal fluid. 
Neutrophils 30 per cent; lymphocytes 19 per cent; monocytes 46 per cent; clasma- 
tocytes 2 per cent; serosal cells 2 per cent. Considerable white exudate, and 
omentum thickened. Branched stimulated clasmatocytes. Small foci of mono- 
cytes with some multinucleated rosette cells. Also foreign body giant cells. 
Many scattered neutrophils and occasional abscesses. 
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R 1030. 12 doses oj 0.5 cc. mineral <«7.— Considerable free oil in peritoneal 
cavity. Omentum showed a verj' slight reaction of milk spots. Clasmatocj’tes 
with phagocj'tized neutrophils predominated. Some milk spots were composed 
of monocj'tes. Both eosinophils and neutrophils present. 

R 1060. 12 doses of OJ cc. E-4 purified mineral oil. — Small amount of free 
opaque oily fluid in peritoneal cavity. Omentum showed some increase in milk 
spots, with undLEterentiated cells and some monocj'tes. Very rare giant cell of 
either tj'pe found. Predominating cell, clasmatocj'te. ^Minimal reaction on 
whole. 

R 554. 2 doses of 16 mg. palmitic acid it: OJ cc. mineral oil. — hlost of cells of 
omentum unstimulated. Few neutrophils, clasmatocj'tes with phagocj'tized 
white blood cells. Usual monocjrtes. 

R 555. 3 doses of 16 mg. palmitic acid in OJ cc. mineral oil. — Some irritation of 
serosa of cecum. Omentum delicate but with increased milk spots, made up 
chieflj’ of young monocj'tes. Occasional epithelioid cell. Verj' little stimulation 
otherwise. 

R 1026. 12 doses of 16 mg. palmitic acid in 0.5 cc. mineral oil. — Fibrinous 
exudate on cecum. Omentum thickened; increased vascularitj' with general clas- 
matocjrte stimulation. Few monocytes. 

R 1028. 12 doses of 16 mg. palmitic acid in OJ cc. mineral oil. — Cecum covered 
with fibrinous exudate, also diaphragm. Omentum thickened with overwhelming 
clasmatocytic reaction. Few monocytes and lymphocytes. Some indifferent 
connective tissue cells. 

R 553. 2 doses of 16 mg. stearic acid in OJ cc. mineral oil. — Omentum and peri- 
toneal cavity entirely normal in gross and under the microscope. 

R 559. 3 doses of 16 mg. stearic acid in OJ cc. mineral oil. — Omentum, otherwise 
normal, showed prominent milk spots, made up of clasmatocjtes with leucocytes 
phagocytized. Few foed of monocytes. Interspaces entirelj' unstimulated. 

R 1057 . 12 doses of 5 mg. stearic acid in 0.5 cc. mineral oil. — Only' a very slight 
reaction in peritoneal cavity. Omentum contained very small milk spots, com- 
posed of monocytes. Clasmatocytes brancied and unstimulated in interspaces. 
Occasional epithelioid cell, rarely with multiple nuclei. 

R 1058. 12 doses of 5 mg. stearic acid in OJ cc. mineral oil. — Some free fibrinous 
plaques in peritoneal cavity'. Omentum showed ciiffuse thickening. Few neu- 
trophils and lymphocytes. Many yoimg monocytes, few epithelioids, occasional 
epithelioid giant cell. Some increase in fibroblasts and dasmatocy'tes. 

R 1059. 12 doses of 20 mg. stearic acid in 0.5 cc. mineral oil. — Adhesion between 
cecum and parietal peritoneum. Very' little evidence of reaction in omentum. 
Free and phagocytized neutrophils in clasmatcxytes. Dominant cell was the 
monocyte, with occasional epithelioid cell and epithelioid giant cell. Some 
large foreign body giant cells. 

R 638. 2 doses of 16 mg. glycerol it: OJ cc. mineral oil. — Omentiun entirelv 
unstimulated in gross, and microscopicallj' the usual dasmatocjtes with few 
monocytes were found. 
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R 639. 3 doses of 16 mg. glycerol in 0.5 cc. mineral oil. — Omentum had accen- 
tuated milk spots, but the interspaces were entirely normal. Clasmatocytes were 
in the interspaces and comprised some of the milk spots; monoc 3 ’’tes were found 
in others; clasmatocytes contained oil droplets. 

R 640. 12 doses of 16 mg. glycerol in 0.5 cc. mineral oil. — Omentum showed no 
gross changes. Milk spots contained both monocytes and undifferentiated cells. 
All the oil droplets were limited to the cells of the milk spots. Clasmatocxdes 
remained imstimulated in the interspaces. Few plasma cells. One foreign body 
giant cell seen with large vacuoles. 

R 832. 7 doses of 4 mg. sodium glycerophosphate (from B-37 A-3) in 10 cc. aq. 
dest. — Peritoneal ca\'it 3 '’ and viscera normal. Omentum normal in the gross, 
showed microscopically only increased neutrophils, both wdthin and without 
clasmatocytes. Usual monoc 3 des. No giant cells. 

R 833. 12 doses of 4 7ng. sodium glycerophosphate (from H-37 A-3) in lO cc. 
aq. dost. — Ver 3 ’' slight increase in number and size of mUk spots in the omentum. 
No thickening, h'lilk spots composed of phagocytic clasmatoc 3 'tes, with consider- 
able number of neutrophils. Few monoc 3 ’-tes and small lymphocytes. Essen- 
tially normal otherwise. 

R 433. 1 dose of 0.1 cc. suspension red phosphorus in 1.9 cc. NaCl. — Peritoneal 
irritation at site of injection. Scraping showed man 3 " monoc 3 ’’tes. Increased 
prominence of milk spots only in omentum. Neutrophils and clasmatocytes in 
moderate number. Foci of 3 ’’ 0 ung monocytes prominent; some plasma cells. 

GENERAL DISCUSSION 

The first significant property of chemical partitions derived from 
bacterial analyses is solubility. On this basis, the fractions from the 
tubercle bacillus can be di3nded into two primary groups, the one 
water-soluble, the other water-insoluble; the former includes the pro- 
teins and polysaccharides, the latter the lipoids. The group of the 
acid-fast organisms is 3vell known to be especially rich in lipoids. It, 
therefore, has long been recognized as important to determine the 
biological significance of the tuberculo-lipoids. 

The chemical basis for the studies here reported is to be found in 
the comprehensive analysis made by Dr. R. J. Anderson (9) of the 
lipoids isolated from one strain of tubercle bacilli, H-37, grown under 
standard conditions on Long’s synthetic media. He has submitted 
to us all the primary di'v’isions of these lipoids and many of the sub- 
fractions. As far as we know, there never before has been the oppor- 
tunit}' to test biologically all the different lipoids from one analysis. 
This chemical stud}’' is to be the pattern for the subsequent analyses of 
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the corresponding material from the other acid-fast organisms, and 
the biological testing, as here outlined, may thus also serve as a guide 
for such parallel tissue studies. From the biological standpoint, it 
has proved of great importance to be able to compare the relative 
potencies of all the lipoid partitions in the production of epithelioid 
cells, as vrell as to determine their power to incite general acute and 
chronic inflammatory' reactions in the connective tissues. 

The lipoids from the tubercle bacillus, Strain H-37, have been split 
by Anderson (9) into four groups, of which two, phosphatide and 
glycerides, are soluble in alcohol-ether, and two, purified wax and soft 
wax, in chloroform. In a further grouping, the phosphatide, purified 
wax, and soft wax are insoluble and the glycerides soluble in acetone. 
These lipoids and split products from them have been administered 
to rabbits in the following ways: isolated (fatty acid I), as an emulsion 
in water (the phosphatide), in solution in water (non-specific sub- 
stances, oleic, palmitic, and glycerophosphoric acids), or in mineral 
oil (all the saturated fatty acids, I-V, tuberculo-stearic acid, phthioic 
add, the waxes, and the unsaponifiable substance). 

In general, the reactions of the normal connective tissue of the 
rabbit to the lipoids from the tuberde bacillus may be divided into 
three groups: first, the acute irritative response, invoKong dilatation 
of the vessels and an emigration of leucocytes with their subsequent 
ingestion and disintegration by dasmatocyTes or with abscess forma- 
tion; second, the so-caUed spedfic development of epithelioid cells 
and epithelioid giant cells; and third, the no less significant but more 
general changes in the connective tissues, including an increase in 
undifferentiated fixed coimective tissue cells, fibroblasts, clasmato- 
cytes, young, free, basophilic mononudear cells, lymphocyffes, plasma 
cells, and fibrous tissue, together with an active new formation of 
blood vessels. 

The Acute Irritative Response . — The calling of leucocjTes from the 
vessels into the tissues is a general initial response to the introduction 
of almost any foreign substance into the tissues. It is difficult to 
find a substance which does not call forth leucocytes, and the reaction 
follows the injection of living or dead tuberde bacilli and all fractions, 
whether protein, polysaccharide, or lipoid, as well as aU split products 
of the lipoids so far tested. In general, the leucocytes thus called out 
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have in these experiments been phagocytized by clasmatocytes more 
frequently than aggregated into pus. Certainly when the occasional 
accidental infections have been ruled out, abscess formation has been 
a relatively minor reaction. 

The most interesting point in connection with the acute irritation 
caused by these different substances has been the readiness with which 
the tissues have ceased to respond to succeeding injections of certain 
of the fractions with a fresh emigration of leucocytes. For example, 
after the administration of phosphatide, only the first dose has called 
out any number of leucocytes; by the third injection, only the evi- 
dence of their destruction by clasmatocytes remains; nnth the poly- 
saccharide, on the other hand, each injection brings out a fresh emigra- 
tion of leucocytes. The undiluted fatty acids have a corrosive action, 
and repeated injections give a marked, sterile peritonitis. When the 
acids are dissolved in mineral oil, the irritative effects of repeated doses 
can be reduced to the constant presence in the tissues of some leuco- 
cytes, scattered and in small clumps. The tissues after the administra- 
tion of fatty acids have never been free from leucocytes, as they are 
with the phosphatide, and occasionally there have been small ab- 
scesses. On the basis of the work of Carrel (26), who found that the 
white blood cells contain growth-producing substances, the question 
arises as to whether the new formation of connective tissue following 
the lipoids is in part due to the destruction of leucocytes wth the lib- 
eration of such stimuli. In this connection, we may say that the de- 
struction of leucocytes is a factor common to all the experiments and 
thus can hardly account for any differences in cellular reaction. For 
example, no portion of the tubercle bacillus calls out more leucocytes 
than the polysaccharides, and yet these fractions cause a very limited 
formation of new connective tissue. On the other hand, the phos- 
phatide stimulates a massive formation of new tissue, with only a 
minor and transient emigration of leucocytes. The experiments with 
the phosphatide, to which the neutrophils become so quickly non- 
responsive, make it possible to estimate that the length of time neces- 
sar)’’ for the complete destruction of leucoc)Tes by clasmatocytes is 
not more than 2 days. 

There is another factor common to the experiments involving 
repeated doses of the lipoids, namely, that the normal adipose tissue 
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of the omentum becomes replaced by new connective tissue, so that 
the possible effects of the breaking up of the lipoids of the tissues 
themselves must also be taken into account. 

Specific Response— In the production of epithelioid cells and epi- 
thelioid giant cells, each of the four primary groups of the lipoids con- 
tains certain liquid saturated fatty adds which give a spedfic reac- 
tion comparable in amount to that of the original fraction. Thus it 
maj' be said that the four original partitions give a spedfic reaction 
proportional to the amount and to the activity of the fatty adds 
they contain. Arranged in series, the phosphatide and fatty add I 
give the maximum reaction, -{--k-r+; the soft wax and fatty add 
m, -f + -{-; the purified wax and fatty add 11, -b-T; and the active 
fraction from the glycerides, The original primary fraction made 
up of glycerides has not been tested, but in the fatty adds from this par- 
tition it has been shown that the spedfic activity resides in an opti- 
cally active fraction, phthioic add, which in fatty add W is present in 
small amount, enough to give some epithelioid cells, while the optically 
inactive portion of fatty add IV, separated out and identified as an 
isomer of stearic add, is inert toward epithelioid cells. The spedfic 
activity of fatty add V has been shown to be due to its content of 
phthioic add. The amount of spedfic tissue produced, which we" 
estimate as -b, is not directly comparable with that foimd after the 
other fatty adds, because of the relatively smaller dosage used. 
Further chemical studies are necessary before it can be known whether 
phthioic add is the only active prindple for tubercle formation. 

The phosphatide, the waxes, and their fatty adds have caused much 
production of the spedfic tissue in the form of dosely packed masses 
of epithelioid cells, making tuberde-like structures, while the fatty 
adds from the glycerides have brought about no clumping of the epi- 
thelioid cells. It remains to be seen whether this is simply a matter 
of dosage or of the amount of the specific material concentrated in a 
given place. 

Giant cells have been a constant factor in these reactions, but the 
numbers and the types have varied markedly. With the phosphatide, 
the Langhans tjqje predominated overwhelmingly. Their occurrence 
varied from one or two giant cells in a mass of epithelioid cells, through 
all variations in proportion to epithelioid cells up to pure masses of 
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giant cells. In analyzing the reactions of all other fractions, it must 
be remembered that the diluting menstruum, mineral oil, gave rise 
to a few foreign body giant cells when used alone. Giant cells were 
in greatest numbers with the purified wax and the fatty acid IV; in 
these two cases, large foreign body types predominated. It has not 
been possible to determine fully the reason for the occurrence of giant 
cells, but the supravital studies of the omentum have often revealed 
an epithelioid giant cell in the midst of a clump of epithelioid cells, in 
cases in which it was entirely clear that there was no necrosis in the 
vicinity. The use of the entire intact membrane rather than a section 
has made this observation possible and has confirmed the view of Doan, 
Sabin, and Forkner (7) and of Forkner (8) that the Langhans giant cell 
is simply a multinuclear epithelioid cell and subject to similar stimuli. 

Non-Specific Connective Tissue . — Besides these differences in the 
number of epithelioid cells and giant cells, there are marked differences 
in the amount of the so-called non-specific tissue reaction. In general 
this reaction is extremely complex and involves a new growth of blood 
vessels with active division of endothelium and adventitia, the new 
formation of undifferentiated cells, of fibroblasts, clasmatocytes, 
lymphocytes, and plasma cells. In these experiments the formation 
of fibrous tissue, except in adhesions, has not been extreme and there 
has been no marked encapsulation of groups of epithelioid cells, even 
during the process of resorption lasting up to 5 months. The lipoids 
that produced the most epithelioid cells, namely, the phosphatide 
and soft wax, produced the least general connective tissue, while the 
purified wax and the glycerides produced the most. The purified 
wax and its derivative, the unsaponifiable fraction, caused the develop- 
ment of connective tissue composed largely of the so-called fixed type, 
while the phthioic acid produced a tissue rich in free, young, mono- 
nuclear cells, monocytes, lymphocytes, and plasma cells. An increase 
in connective tissue is found around tubercles and as a part of tuber- 
culous granulation tissue in the disease itself, and hence it is significant 
that such a reaction follows injections of the lipoids, indeed in ex- 
treme amounts after certain fractions, namely, the purified wax, the 
unsaponifiable substance, and the glycerides. 

The Nature of ‘‘Foreign Body Reaction .” — The reactions to the 
lipoids from the tubercle bacillus have been placed by pathologists 
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in the group of the so-called foreign body reactions. The experi- 
mental studies on the phagocytic activity of connective tissue cells 
initiated by the work of Metchnikoff and involved in the whole 
history of the study of living cells with reference to their phagocytic 
power, call for an attempt to formulate a more definite idea of the 
meaning of the term “foreign body reaction.” 

The cells of the connective tissues may be subjected to foreign 
substances in two ways. Either they may become surrounded by 
materials which are soluble in the fluids which bathe them, for example, 
proteins and polysaccharides, which in solution would tend to reach 
all the cells of the body; or, on the other hand, there may be substances 
introduced into the tissues which are insoluble, or possibly slowly 
soluble in the fluids which surround the cells. To this latter group 
belong the lipoids and certain other substances which, owing to their 
particulate nature, remain imevenly distributed in the tissues as 
foreign bodies. Beside the fundamental property of solubility, foreign 
bodies must be classified according to the size of the molecule or par- 
tide; and furthermore, according to whether the cells of the tissues 
are physiologically adapted to deal with them, when they are engulfed. 
By general agreement, the term phagocytosis means the engulfing of 
particles of appredable size, rather than the diffusion into cells of 
substances in solution. In supravital staining, a dye like neutral red, 
which enters the cell in solution, or in fine suspension, merely 
evidences phagocytosis through the property of the phagocytic cells 
to secrete this dye and similar vital dyes into the vacuoles of segre- 
gation, in which phagocytized particulate matter has been placed. 

In these studies, there has been the opportunity in each of the four 
groups of lipoids to study a physiologically active substance, fiust in 
the form of a large molecule, and then in the form of that fraction of 
the molecule that entries the active prindple. This enn be illustrated 
in the case of the phosphatide and fatty add I, inasmuch as with them 
the amount of the material and the number of experiments have been 
more adequate. The ultimate effects of injections of phosphatide and 
fatty add I have been the same, namely, a massive production of 
epithelioid cells and epithelioid giant cells, but the immediate effects 
have been different. Barring the initial irritation, the overwhelming 
immediate reaction to one, two, and three doses of phosphatide has 
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been wbat we interpret as the phagocytosis of the material by the cells 
of the milk spots. These phagocytes have been large, round cells, 
filled with large vacuoles of uneven size but stained mth a uniform 
red color in neutral red. They are the vacuolated cells of Figs. 1 
to 3 on Plate 1. This same type of reaction follows the injection of 
lecithin. On the other hand, the reaction to one, two, and three doses 
of fatty acid I has been the maturation of typical new monocytes from 
a more primitive stage, with marked cell divisionj and by the 4th day 
signs of their transformation into typical epithelioid cells. During 
the first 3 days of the injections of the phosphatide, the maturation 
of characteristic monocytes has also taken place, but in relatively 
smaller numbers, as compared with the phagocytic cells. By the 
third dose, however, the actual number of cell divisions in the young, 
non-phagocytic, mononuclear cells is much greater than in the mature, 
heavily vacuolated forms. The comparison of the early response to 
the large molecule (phosphatide) and then to the smaller molecule 
(fatty acid) suggests that in the case of the phosphatide the cells may 
at first be occupied with a process of chemical disintegration which 
with the fatty acid has already been accomplished in the test-tube. 
The simpler substance, the fatty acid, appears to be concerned physio- 
logically with the extremely complex processes included in the term 
maturation, wliich involve rapidly repeated cell division during a 
period in which the cytoplasm changes from an immature to a mature 
state. There is considerable evidence that the epithelioid cell, with 
its large rosette of tiny bodies, is derived from the monocyte, with its 
small rosette of larger bodies; but certain crucial points for the proof 
of this view are still lacldng. We have some means for detecting the 
general signs of phagocytosis in the vacuoles of segregation, which 
stain supravitally, and can identify certain phagocytized materials in 
these vacuoles, such as carbon, iron, dyes in particulate form, and 
whole cells, but we have no means of discriminating other chemical 
waste products and their stages of disintegration. We do not know 
tire nature or content of the vacuoles that make the rosette of the 
normal monocyte, nor whether this rosette is a preformed organ of the 
cell or appears only after the cell has begun to function by taking in 
material. In the monocyte and in the epithelioid cell, the bodies of 
the rosette react with a uniform color to neutral red, which we assume 
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indicates that they are at about the same hydrogen ion concentration. 
It seems clear from these e.xperiments that epithelioid cells can be 
made to appear by the introduction into the tissues of certain fatty 
acids and larger molecules from the tubercle badUus. If this results 
from the phagocytosis of these substances by monoc^iies, not by an 
indirect chemical influence on the cells, then the monocyte and epi- 
thelioid cell must have the povrer of breaking this material into very 
fine particles, but, after it has been thus finely divided, of changing it 
only very slowly. In otherwords, the cell is notphysiologicaUj’- adapted 
to any such rapid disintegration of this particnfiar phagocytmed mate- 
rial as has been demonstrated for the dasmatocyte, in which whole 
leucocytes have been reduced to a granular debris in 2 days. Epi- 
thelioid cells have been found apparently imchanged 5 months after 
their production by chemical means. Thus, while it may well be that 
the formation of epithelioid cells after the lipoids bdongs in the general 
group of so-called foreign body reactions, the processes involved in the 
reaction are more complex and less well rmderstood than the phago- 
cytosis of materials that can be more readily identified and followed 
in the macrophages of the tissues. 

These studies have shown that in tuberculosis, the production of the 
essential lesion, the tuberde, or rather of its essential unit, the epi- 
thelioid cell, is due to lipoids from the bacillus, and specifically to 
certain Mtherto miknown fatty adds of high molecular weight. It is, 
of course, well recognized that the epithelioid c:ell is not the unique 
reaction of the disease tuberculosis, and hence the demonstration that 
certain specific lipoids are the effective agents in this disease, important 
as it is to the pathology of tubercnlosis, does not demonstrate that 
tuberculo-lipoids are the sole agent in the production of epithelioid cells 
and epithelioid giant cells. In many pathological processes other 
than tuberculosis, epithelioid cells as such are found; further, they 
are readily produced, as is shown in our studies with other foreign 
bodies, espedally ledthin, injected into the tissues, and as has been 
reported in the recent publications of Cunningham and his co-workers 
(27). It remains to be seen whether there is any common cihemical 
factor in the production of epithelioid cells, or whether the common 
factor may not be material of varied chemic:al composition, which the 
cell can disperse into fine partides, but cannot change or digest with 
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speed. Because of the differing properties of the phagocytic cells, the 
power of the monocyte-epithelioid strain to disperse finely yet but 
slowly change phagocytized material and that of the clasmatocyte or 
macrophage to digest material quickly, we find convenient the concept 
that there are two strains of phagocytic cells in the connective tissues 
differing in their physiological activities. The other alternative is the 
assumption of a single strain of cells which react differently as the 
environment is varied. 

Beside the opportunity to study the larger and the smaller molecules 
of a physiologically active substance, the fatty acids from the glyc- 
erides have provided an opportunity to study biologically active princi- 
ples in increasing purity and especially to give an example of an opti- 
cally active substance which is more biologically active than a similar 
substance optically inert. 

Throughout these experiments, any extreme, acute, inflammatory 
reaction like that resulting from an accidental infection, or from an 
extreme reaction to a diluting menstruum, such as olive oil, has tended 
to obscure the specific formation of tubercular tissue. Caseation has 
been found only after the injections of the phosphatide. 

In spite of great activity in the production of new connective tissue, 
the lipoids have not induced any skin sensitivity. ’ Intracutaneous 
skin tests "with Old Tuberculin, the protein, lipoid, and polysaccharide 
fractions have been consistently negative, as well as tests of the con- 
junctiva in rabbits. Subsequent inoculation with living tubercle 
bacilli has resulted in no allergic phenomena. 

CONCLUSIONS 

1. The lipoid fractions from the tubercle bacillus contain maturation 
factors for monocytes, epithelioid cells, and epithelioid giant cells. 

2. The most important component of the lipoids for biological inves- 
tigation is the phosphatide A-3, since this produces the most massive 
reaction toward epithelioid cells and epithelioid giant cells, and also 
because it is the only partition of the lipoids which acts as an antigen. 

3. The stimulus to the formation of tubercles resides in certain fatty 
acids of high molecular weight found in tubercle bacilli. These fatty 
acids are present in the four major partitions of the lipoids and account 
in each instance for their specific activity. The most potent fatty 
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add in the production of tubercles is that derived from the phospha- 
tide. The purified, optically active phthioic acid obtained from the 
glyceride fraction, in small dosage produces epithelioid cells, but more 
non-specific connective tissue; the optically inactive tuberculo-stearic 
acid is relatively inert. 

4. The specific tubercular tissue resulting from the intraperitoneal 
injection of the phosphatide from the tubercle bacillus imdergoes 
resorption. Two mechanisms in its disappearance similar to those 
operating in the disease have been seen: caseation in which masses 
of degenerating epithelioid cells become infiltrated with leucocjdes; 
phagocytosis of the cellular debris by clasmatocytes, without casea- 
tion. 

5. Beside the specific reaction of the lipoids, these also produce a 
marked growth of non-specific connective tissue cells, without, how- 
ever, any reaction toward fibrous tissue in the acute stages. All the 
subfractions from the lipoids are irritating when injected into the peri- 
toneal cavity, calling leucocytes into the tissues and stimulating clas- 
matocytic activity. The imsaponifiable substance from the purified 
wax is particularly active in producing an extreme general reaction of 
connective tissue cells. 
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EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Section of omentum of Rabbit R 821, after three intraperitoneal injec- 
tions of 80 mg. of phosphatide A-3 from H-37 in 10 cc. distilled water. The figure 
shows vacuolated phagocytic cells of a milk spot; one containing an engulfed leuco- 
cyte. The two cells with dense cytoplasm on the left border are possibl}’' a mono- 
cyte and an epithelioid cell. Hematoxjdin and eosin. X 1,000. 

Fig. 2. Section of omentum of Rabbit R 821, — to show the range of free cells, 
vacuolated phagocytic cells, some containing leucocytes, free leucoc 3 ’’tes, 13 'mpho- 
cytes, and possibl 3 ’’ monocytes. Hematox 3 din and eosin. X 1,000. 

Fig. 3. Section of omentum of Rabbit R 821, — to show cell division of the mono- 
cytes. Hem{ito.x 34 in and eosin. X 1,000. 

Fig. 4. Film of living omentum of Rabbit R 664, after eleven intraperitoneal 
injections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — to show milk spot 
consisting of epithelioid cells supra\dtally stained in neutral red. The material 
stained red in the living state appears dark in the photograph. Supravital neutral 
red. X 95. 


Plate 2 

Fig. 5. Section of omentum. Rabbit R 478, after seven intraperitoneal injec- 
tions of 10 mg. of phosphatide A-3 from H-37 in 2 cc. distilled water, — to show a 
small group of typical epithelioid cells with dense cytoplasm. One in division. 
Hematox 3 ’lin and eosin. X 790. 

Fig. 6. Section of wall of cecum of Rabbit R 319, after twelve intraperitoneal 
injections of 80 mg. of phosphatide A-3 from H-37, — to show a group of 313 ^ 1 ^ 2 ! 
epithelioid cells with foam 3 ’ c 3 ’’toplasm. Hematoxylin and eosin. X 790. 
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Plate 3 

Fig. 7. Film of living omentum. Edge of a milk, spot of the omentum of Rabbit 
■R 664, after eleven intraperitoneal injections of 80 mg. of phosphatide A-3 in 10 
cc. distilled water, — to show the supravital reaction of coarse neutral red granules 
in epithelioid cells and epithelioid giant cells. Supravital neutral red. X 1,050. 

Fig. 8. Film of living omentum of Rabbit R 664, after eleven intraperitoneal 
injections of 80 mg. of phosphatide A-3, — to show two small epithelioid giant cells 
with fine neutral red bodies. The refractile bodies represent serosal cells; dasma- 
tocj'tes are seen indistinctly at a different level. Supravital neutral red. X 1,050. 

Fig. 9. Section of omentum of Rabbit R 158, after twelve intraperitoneal in- 
jections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — to show a massive 
formation of epithelioid cells, with a few epithelioid giant cells and a mass of 
IjTnphocj-tes. Hematosylin and eosin. X 150. 

Fig. 10. Section of omentum of Rabbit R 153, after twelve intraperitoneal in- 
jections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — to show masses 
of epithdioid cells with many' epithelioid giant cells, moderately vascularized, 
Hematosylin and eosin. X 63. 


Plate 4 

Fig. 11. Section of omentum of Rabbit R 153, after twelve intraperitoneal 
injections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — to show small 
groups of epithelioid cells and tubercular granulation tissue. There are many' 
epithelioid giant cells. Hematosylin and eosin. X 132. 

Fig. 12. Section of omentum of Rabbit R 153, after twelve intraperitoneal 
injections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — to show tuber- 
cular granulation tissue. Hematosylin and eosin. X 176. 

Fig. 13. Section of a thoracic lymph node along the internal mammary vein of 
Rabbit R 319, after twelve intraperitoneal injections of 80 mg. of phosphatide 
A-3 in 10 cc. distilled water, — to show a lesion made wholly of epithelioid giant 
cells. Hematoxylin and eosin. x 397. 

Fig. 14. Section of a thoracic lymph node of Rabbit R 319, after twelve in- 
traperitoneal injections of 80 mg. of phosphatide A-3 in 10 cc. distilled water, — 
to show a small focus of early caseation. Hematosylin and eosin. X 397. 

Plate 5 

Fig, 15. Section of omentum from Rabbit R 502, which had received twelve 
intraperitoneal injections of 16 mg. of fatty acid I in 0.5 cc. mineral oil. It shows 
a tubercle-like structure surrounded by' lymphocytes. Hematoxylin and eosin. 
X 195. 

Fig. 16. Section of omentum from Rabbit R 613, which had received twelve in- 
traperitoneal injections of 16 mg. of fatty acid I in 0.5 cc. mineral oil. It shows 
a multiple, tubercle-like structure with giant cells and a capsule of Rmphocvtes. 
Hematoxylin and cosin. X 200. 
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Fig. 17. Section of omentum from Rabbit R 613. It shows tubercular granu- 
lation tissue and both types of giant cells. Hematoxylin and eosin. X 200. 

Fig. 18. Section of omentum from Rabbit R 614, which had received twelve 
intraperitoneal doses of 16 mg. of fatty acid I in 0.5 cc. mineral oil. It shows 
tubercle-like structures and tubercular granulation tissue. Hematoxjdin and 
eosin. X 200. 


Plate 6 

Fig. 19. Film of omentum, supravitally stained in neutral red, from Rabbit 
R 661, which had received twelve intraperitoneal doses of 0.5 cc. mineral oil. 
Supravital neutral red. X 180. 

Fig. 20. Section of omentum of Rabbit R 615, which had received twelve in- 
traperitoneal injections of 16 mg. of fatty acid II in 0.5 cc. mineral oil. It 
shows tiny tubercle-like structures, an epitlielioid giant cell, and tubercular granu- 
lation tissue. Hematox)din and eosin. X 200. 

Fig. 21. Section of omentum of Rabbit R 615. It shows two epithelioid giant 
cells with a small, tubercle-like mass of monocytes and epithelioid cells between 
them. Hematoxylin and eosin. X 960. 

Fig. 22. Section of omentmn of Rabbit R 615, — to show an epithelioid giant 
cell with central area of necrosis and one phagocytized leucocyte. There are 
typical monocytes. Hematoxylin and eosin. X 1,000. 

Fig. 23. Section of omentum of Rabbit R 615, — to show a group of monocytes, 
one of them in division. Hematoxylin and eosin. X 1,000. 

Plate 7 

Fig. 24. Section of the increased serosal membrane over the diaphragm of 
Rabbit R 948, which had received twelve intraperitoneal injections of 16 mg. of 
soft wax in 0.5 cc. mineral oil. It shows the extreme dilatation and congestion 
of the small veins and some tubercle-like masses of epithelioid cells diffusely in- 
filtrated with leucocytes. Hematoxylin and eosin. X 200. 

Fig. 25. Section of omentmn of Rabbit R 618, which had received twelve intra- 
peritoneal injections of 16 mg. of fatty acid III in 0.5 cc. mineral oil. It shows 
multiple tubercle-like structures with masses of lymphocytes. Hematoxylin and 
eosin. X 200. 

Fig. 26. Section of the mesentery near the mesenteric lymph node of Rabbit 
R 618. It shows a tubercle-like structure and a giant cell of mixed type which 
has phagocytized a small cell and shows vacuoles. Hematoxjdin and eosin. 
X 200. 

Fig. 27. Section of omentum of Rabbit R 921, which had received twelve 
intraperitoneal injections of 20 mg. of fatty acid V in 0.5 cc. mineral oil. It 
shows diffuse epithelioid cells without any arrangement in tubercle-like struc- 
tures. They are in active division. Hematoxylin and eosin. X 1,000. 
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CHAPTER n 


REACTION OF THE CONNECTIVTE TISSUES OF THE NORMAL 
RABBIT TO A WATER-SOLUBLE PROTEIN AND A POLY- 
SACCHARIDE FROM THE TUBERCLE BACILLUS, 
STRAIN H-37: SPONTANEOUS PSEUDO-TUBER- 
CU'LOSIS ASPERGILLINA AS A COMPLI- 
CATION IN FRACTION TESTING 

Bv CHARLES A. DOAN^ M.D., FLORE><CE R. SABIN, M.D., asd CLAUDE E. 

FORKNER, M.D. 

Plate 8 

Reaction to the Protein 

In the first chapter (1), we have analyzed the effects on the con- 
nective tissue elements of the rabbit, of the intraperitoneal injec- 
tion of the lipoids from the tubercle bacillus. Strain H-37. With 
certain of these lipoids, it was possible to reproduce the lesions of 
tuberculosis in the tissues, including the development of epithelioid 
cells and epithelioid giant cells in tuberde-like masses and the forma- 
tion of tubercular granidation tissue. It nest became of significance 
to see if the proteins and polysaccharides of the badllus, introduced 
into the tissues by the same route, contributed toward the specific 
lesions of the disease. We have been able to show that the proteins 
and polysaccharides thus far tested, when introduced intraperitoneaUy, 
do not give rise to tubercular tissue. These substances are soluble in 
water and hence it is not probable that they remain localized in the 
subserosal tissues as do the lipoids. Nevertheless it can be demon- 
strated that they are not inert in their passage through a structure 
like the omentum. 

The intravenous and the intradermal routes are also important 
for testing the biological reactions to the fractions. From the stand- 
point of the study of the disease, tuberculosis, the testing of the effects 
of the proteins and polysaccharides in the tuberculous animal is more 
important than in the normal. 


73 



74 


WATER-SOLUBLE PROTEIN AJTO POLYSACCHARIDE 

All these studies are being made under the plan for cooperativ’’e research already 
outlined (1). The analysis of the media in which tubercle bacilli have been grown 
is being made by Dr. Esmond R. Long and Dr. Florence Seibert at the University 
of Chicago, who are developing chemical and biological studies of the tuberculo- 
proteins (2-S). From the media. Dr. Seibert has isolated water-soluble protein 
in crystalline form; in its basic chemical structure it seems to be the same protein 
as that obtained from the bacilli by Johnson, Coghill, and Renfrew, and desig- 
nated 304. Dr. Seibert has showm that this protein is probably the active prin- 
ciple in tuberculin; that it lolls sensitized guinea pigs in appropriate doses. Her 
observations indicate that this protein molecule is extremely labile, readily under- 
going changes that affect solubility and biological properties. In its natural form 
it is soluble and crystallizable; but with slight manipulation the original solubility 
is so changed that instead of dissolving at pH 5.4 in distilled water it dissolves at 
a pH of 7.0, and the protein will still give a skin reaction but wall not crystallize. 
A still further manipulation renders it insoluble, except in an alkaline medium, 
under which conditions the biological properties are lost. Long (6) has made 
further significant biological studies with this protein. By perfusing the renal 
vessels of tuberculous swine, he has produced an intra-glomerular tuberculin reac- 
tion resulting in a so-called glomerular nephritis. 

Under the direction of Dr. Treat B. Johnson, a comprehensive analysis of the 
chemical constituents composing the tubercle bacillus is being made at Yale 
University (7-9). After the lipoids had been extracted from the bacilli by Dr. R. 
J. Anderson, the proteins and other products from the residue have been isolated 
by Drs. Johnson, Coghill, and Renfrew, who have also followed the increasing 
development of polysaccharides in the media as the bacilli grow and die in the 
cultures (10). These polysaccharides have not yet been tested biologicallj". 

The original water-soluble proteins submitted to us for testing were 
prepared by Drs. Johnson, Coghill, and Brown (7-9), and were desig- 
nated 304 and 903, The differences in tlie preparation of these two 
specimens have been outlined by Dr. Johnson as follows : 

“Both 304 and 903 are protein fractions extracted b}' cold water from unauto- 
claved tubercle bacilli after defatting for 2 w'eeks wdth ether at ordinar}'- tem- 
perature. 

“The only difference in technic employed is that 304 was precipitated from tlie 
cold, sterile, aqueous extract after the latter had been centrifuged in an ordinary 
high speed cup centrifuge only. No. 903, on the other hand, w'as precipitated 
from a corresponding sterile, aqueous extract which had been run through the 
high speed supercentrifuge twice before predpitation of the protein. 

“That 304 was a less pure product chemically was indicated by the results 
obtained when we analyzed the products for nitrogen. 

304 Nitrogen content 14.40 per cent 

903 Nitrogen content 15.50 per cent 
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"I -would conclude from our chemical data that 903 probably contains a higher 
concentration of the pure protein than 304. Also it is very probable that 903 is 
slightly more soluble, due to its higher purity.” 

These proteins were tested in 1927 by Sabin and Doan (11), by the 
intravenous route in normal rabbits. 

It -was found that though they were far less toxic in the normal than in the 
tuberculous animal, nevertheless they were not inert in the former when given in 
sufficient doses. Both specimens were soluble in distilled water and were given 
from a saturated solution. Protein 903 was the more toxic, the lethal dose being 
smaller. The effects noted were anorexia, loss of weight, temperatures ranging 
to 108°F., a rise of leucocytes in the peripheral blood, an anemia, extensive diffuse 
hemorrhages in organs and connective tissues, marked proliferation of dasmato- 
cytes in the interstices of the septa of the lungs, causing a so-called interstitial 
pneumonia, and, in suffident doses, death. These studies indicate that certain 
toxic phenomena which characterize the infection of tuberculosis can be produced 
in a normal animal by intravenous injection of the active protein in suffident 
dosage. 

New samples of water-soluble proteins from tbe bacilli prepared by 
Drs. Johnson and Renfrew, and designated 304-A and 304-B, have 
been received more recently. These proteins were prepared from the 
residue after the extraction of the alcohol-ether-soluble substance by 
Dr. Anderson. For protein 30-4-A, the original bacteria were not auto- 
claved before the alcohol-ether extraction, while for 304r-B they were 
inactivated. Both of these samples proved to be much less soluble 
in water than either of the original proteins, 304 and 903. In making 
up the saturated solution, there was a large insoluble residue; corre- 
lated with this was a decreased toadty (10). 

A series of eleven doses of the saturated solution, 10 cc. each, were injected 
intravenously into four rabbits (R 311 and R 318 recdving 304-A, and R 313 and 
R 316, 304-B). The animals showed no loss in weight; there was fever to 106°F. 
and 107°F.;inalibutonetherewasaleucocytosis of 20,000 white cdls, the neutro- 
philic leucocytes being from 10,000 to 12,000 cells. All the rabbits developed a 
slight anemia with a fall of approximately 1,000,000 red cells, correlated with a 
drop in hemoglobin of from 1.69 to 3.04 gm. per 100 cc. (Newcomer). There was 
a tendenc>' toward recovery from the anemia during the injections. At the sug- 
gestion of Dr. Johnson we then put a greater amount of protein into solution by 
first dissolving it in n/ 10 sodium hydro-xide and neutralizing -with hj'drochloric 
acid. In this way 5 mg. of the protein were dissolved in 5 cc. of fluid and at fhig 
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Stronger concentration were given in eight daily doses to Rabbits R 3il and R 313. 
During tliese injections there was a second fall in red cells and hemoglobin, of 
nearly the same magnitude as the first. As in all previous experiments with 
chemical substances from the tubercle bacillus, intracutaneous tests with Old 
Tuberculin, the protein, the phosphatide, and the polysaccharide were consistently 
negative. When given intravenous^ in six antigenic doses of 25 mg. each to two 
rabbits, R 702 and R 703, this relatively insoluble protein 304 produced no demon- 
strable precipitins in the blood serum. 

The four animals receiving the daily injections of protein were killed while in 
excellent condition, and showed in general the same effects, which were not more 
marked in the rabbits that had received the extra five doses. There were minute 
hemorrhages into the bone marrow in three and in the lungs in the fourth; the one 
without hemorrhages in the bone marrow (R 316) had the least anemia. There 
were small patches of thickened septa in the lungs and in three of the four an in- 
crease of leucocytes in the spleen, both free and engulfed in clasmatocytes. The 
hemorrhages might account for the anemia, and the leucocytes in the spleen 
probably reflected the leucocytoses in the peripheral blood, for they were not found 
in the animal without leucocytosis. 

These experiments with different samples of the proteins have shown 
that there exist considerable variations in potency. The chemical 
studies now in progress are being especially planned to assure protein 
fractions of uniform nature and biological activity. While much more 
toxic to tuberculous animals, the proteins from the bacilli, when not 
denatured, are also toxic to normal animals when given intravenously 
in sufficient dosage. The toxicity has consistently paralleled the solu- 
bility in water. In general the effects of the proteins with the possible 
exception of the hemorrhages have been like those of any foreign 
protein. 

In all the experiments involving the intravenous injections of the 
proteins, no formation of epithelioid cells, either diffuse or in tubercles, 
has been detected in any of the tissues. There is no proof, however, 
that substances injected intravenously actually reach the tissues in an 
unchanged state. Hence we used the intraperitoneal route. 

In e.xperiments comparable to those with the lipoids, eight rabbits were given 
the water-soluble proteins in intraperitoneal doses, four of them receiving protein 
304-B from the bacilli, and four 304-F from the filtrate. These proteins were 
prepared from the human strain H-37 by the hi. K. Mulford Company. They 
were given in distilled water and enough for 3 days was weighed out, dissolved, 
and kept in the ice box. We now know that on account of the danger of bacterial 
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growth in the solution, it would have been better to prepare only enough for each 
day. Protein 304-B was entirely soluble; doses of 20 mg. in 10 cc. water were 
given daily to four rabbits (R 950, R 951, R 974, and R 975). Rabbit R 950 died 
3 hours after the ninth dose. There was no peritonitis but one segment of the 
cecum was contracted as if traumatized by the needle at the last injection. We 
were interested to see if there were any signs of a possible slight protein sensitiza- 
tion. The lungs were markedly red and in sections the veins and capillaries were 
distended with blood; there was an increase in eosinophilic leucocj'tes in the capil- 
laries of the lungs and a slight increase in eosinophilic myelocytes in the bone 
marrow. There were marked changes in spleen and bone marrow, both showing 
an increase in clasmatoc^Ues loaded with yellow pigment; there were congestion 
in the omentum and bone marrow and slight hemorrhages in the latter. The 
other three animals received twelve doses. One of them, R 951, had small ab- 
scesses in the omentum and a localized peritonitis in the capsule of the liver. 
Cultures were not taken but Gram stains of the tissues were negative for micro- 
organisms. Two or three typical epithelioid cells were found in the scrapings 
from the omentum but none could be found in sections. The omentum in all 
four rabbits in this group showed free leucocytes, clasmatocytes loaded with 
yellow pigment, and in aU but R 950 considerable development of plasma cells. 
In all, the changes in the bone marrow were marked, consisting in a complete 
depletion of the fat, considerable depletion of myeloid elements, congestion, 
hemorrhage, and yellow pigment, both in endothelium and in free clasmatocytes. 

Four rabbits (R 956, R 957, R 976, and R 977) received corresponding intra- 
peri toneal injections of protein 304-F. This protein was not completely soluble 
in water and gave a turbid suspension; there was a small amount of acid-fast 
debris, a finding entirely lacking in304-B. Three of this series showed a peritonitis 
(R 956, R 957, and R 977) ; cultures were not taken but Gram stains of the tissues 
were negative for microorganisms m all of them. In Rabbit R 956 there was a 
thick e.xudate in which the difierential count showed 70 per cent neutrophilic 
leucocytes (see Table VTII) . All four of thi?; group showed a thiciening of the 
omentum with manj’’ free leucocytes, some hemorrhage, an increase in new vessels, 
clasmatocytes loaded with leucocytes or with yellow pigment, some foci of Ijun- 
phocy tes, and a development of plasma cells. Three of the four showed occasional 
epithelioid ceils in the omentum, never in clumps and never enough to suggest 
tufaercnilar tissue. The bone marrow in all four showed small hemorrhages and 
an increase of yellow pigment in cells. In two (R 957 and R 977) there was a shift 
to the left in myeloid elements corresponding to the draining of leucocytes into 
the peritoneal c:avit>'; in three there was a considerable depletion of fat and mye- 
loid elements; while in the fourth (R 976) there were areas of hj'perplasia and zones 
where the structure of the marrow was quite disorganized by the hemorrhage. 

In the entire group of eight animals the two constant signs were free leucocytes 
in the omentum and hemorrhage. In thefour animals in which the free leucocyte 
uere in small abscesses, and infection was suspected. Gram stains were entirelv 
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negative. The marrow showed a depletion of myeloid elements in seven of the 
eight instances. All the animals showed small hemorrhages in the bone marrow, 
frequently in the omentum also. In six of the group there was some increase in 
lymphocytes in the omentum and foci of plasma cells. In the entire group with 
the exception of the one animal that died the general effects were slight. The fall 
in the red cells was slight except in one rabbit, R 976, which lost 2,000,000 red cells 
and 3.2 gm. hemoglobin. All but two lost from 200 to 500 gm. in weight, but this 
was not significant considering the short duration of the experiment and the fact 



that an adequate base line was not obtained before the injections. The tempera- 
ture in all reached 103" to 105°F., the upper limits of normal for the rabbit. 

The experiment proves hemorrhage to be an effect of the water- 
soluble tuberculo-protein when administered to normal rabbits. 
From the standpoint of the general effects of the protein more con- 
trols are needed, with cultures and complete bacteriological studies. 
The experiment demonstrates, however, as a control to the effects of 
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the lipoids, that the proteins do not produce tubercular tissue by the 
intraperitoneal route. 

In tuberculous guinea pigs (R 523 — Chart 2), 10 mg. of the protein 
304r given intraperitoneally vrill cause death vdthin 24 hours, with 
marked drop in temperature, leucopenia, and showers of monocytes in 
the peripheral blood. 

Reaclioit to tJie Polysaccharide 

The carbohydrate fraction obtained on analysis of the human 
tubercle badUus, Strain H-37, the biological properties of which have 
been compared with those of the protein and fat fractions, gives strong 
pentose reactions but its structural formula has not yet been deter- 
mined. It has been isolated by Dr. Anderson from the small aqueous 
residue accompanying the original alcohol-ether extract of the bacilli, 
and it does not include the entire polysaccharide content of the organ- 
ism. We have studied the action of this particular polysaccharide in 
normal rabbits, when given by the intravenous and intraperitoneal 
routes, and in tuberculous guinea pigs on subcutaneous and intraperi- 
toneal injection. This carbohydrate has been designated A-8. 

Two rabbits (R 315 and R 317) received 23 daily intravenous injections of 10 
mg. of the polysaccharide in 2 cc. sterile glass-distilled water. Daily observations 
were made of weight, temperature, and blood findings, a preliminary period of 2 
weeks serving to establish the normal range in each animat The rabbits gained 
just under 1 kilo each during the experiment, with no rise in temperature at any 
time. The poljmorphonuclear leucocytes and monocytes remained within their 
respective normal lirmts as did the total white and red blood cell counts and the 
hemoglobin. The lymphocytes tendedin each animal to rise toward the end of the 
experiment, in one instance from under 2,000 per c.mm. to above 3,000 and in the 
second from 3,000 to 5,000. Intracnitaneous skin tests at two difierent times, 
with Old Tuberculin and all three major chemical fracdons, were negative and no 
specific predpitins were demonstrable in the blood serum. The inabilitj- of the 
polysaccharide to elicit demonstrable antibodies as well as its apparently complete 
inertness when given intravenously was further demonstrated in two rabbits 
(R 704 and R 705) which recdved six antigenic doses each of 25 mg. in 5 cc. dis- 
tilled water over a period of 20 days. No clinical, blood, serological, or sldn- 
sensitive changes were observed. Postmortem studies revealed no gross or 
microscopic tissue changes that could be detected in any of the rabbits which 
received the intravenous polysaccharide. 
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Three rabbits were studied after intraperitoneal injections of the polysaccharide, 
one (R 454) after three daily injections of 10 rag. in 1 cc. distilled water, and two 
(R 1022 and R 1023) after twelve injections of 10 mg. in 10 cc. distilled water. 
With the exception of a transitory fall in total red blood cells in two animals (R 
1023 and R 1022), no changes were noted in the number or percentage of any of the 
cells of the peripheral blood. There was no rise in temperature, and only a slight 
decrease in weight. It should be noted that the blood counts and the tem- 
peratures were taken only once daily. 

The tissues of Rabbit R 454 were studied post mortem after three injections for 
the acute reaction. There was no excess of free fluid in the peritoneal cavit}’’ and 
no e^>idence of any reaction to the injections except in the omentum. The differ- 
ential count of the cells in the small amount of peritoneal fluid obtained showed 
36 per cent neutrophilic leucocytes, 1 per cent eosinophils, 8 per cent lymphocytes, 
43 per cent monocytes, and 12 per cent clasmatocy tes (cf. Table VIII) . The mono- 
cytes were all normal and non-phagocytic, while all the clasmatocytes were filled 
with phagocytized red and white blood cells. The omentum in the gross showed an 
increase in vascularitj'- and in the size and number of the milk spots. Supravitally 
the most striking point was the large number of highly phagocytic clasmatocj'-tes, 
frequently six to eight being found in one oil immersion field, each containing from 
ten to twelve disintegrating neutrophilic leucocytes and some red blood cells. 
There were also free granulocytes, some increase in young fibroblasts, and some 
small clumps of monocytes, but no epithelioid cells. In section, the e.xistence of 
increased vasodilatation and the predominance of the leucocjdic and clasmatocytic 
reaction were readily confirmed. Much of the tissue remained entirely normal. 
At one point there was an incipient abscess with a large accumulation of still 
intact polymorphonuclear leucocytes, and in a few other places very much smaller 
foci. There were some plasma cells and scattered monocytes but no epithelioids. 
The mesenteric nodes, spleen, liver, kidneys, adrenals, and lungs were entirely 
normal in the gross and microscop^call}^ The bone marrow was normal in the 
gross and showed only a slight depletion of the m5’'eloid elements along the margin. 

After tw'elve intraperitoneal injections of the polj'-saccharide, the findings (R 
1022, R 1023) were much the same as those just described. There was no gross 
evidence of irritation or reaction on the part of an)’- of the tissues or organs in the 
peritoneal cavity. The differential counts of the free cells averaged 51 per cent 
neutrophilic leucocytes, 7.5 per cent lymphocytes, 33 per cent monocytes, 3.5 per 
cent clasmatocytes, S per cent serosal cells. Figs. 1 and 2, Plate 8, illustrate the 
appearance of the clasmatocytes found in the omentum (R 1023), some fusiform 
and containing finer ddbris, the majority large and engorged with phagocytized 
w'hole blood cells not yet disposed of. Three of these active clasmatocytes are 
shown in Fig. 1, and two in Fig. 2. An elongated clasmatocy te with fine granules is 
in the lower right corner of Fig. l,and free leucocytes are shown in both figures. 
Aside from this finding, together with that of a moderate munber of pol)Tnor- 
phonuclear cells, there rvas no evidence of unusual reaction in milk spots or inter- 
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spaces. This rabbit (R 1023) showed an occasional monoo'te with increased 
rosette of neutral red bodies and one multinucleated cell; the other animal showed 
only the normal number and distribution of monocytes (Table ViU). 

In brief, the only apparent local reaction in normal rabbits to the 
polysaccharide from the human tubercle bacillus under the conditions 
stated consists of an accumulation of neutrophilic leucocytes followed 
by an activitj’’ of the clasmatocytes to phagocytize them. 

In contrast to these findings in the normal rabbit, it was first noted 
by WTiite (12) that not infrequently death ensued promptly after the 
subcutaneous or intraperitoneal injection of small quantities of the 
tuberculo-polysaccharide A-8 in tuberculous guinea pigs. The ani- 
mals showed a progressive faU in blood pressure and body tempera- 
ture from the time of injection to death. Changes in the adrenals 
were noted post mortem, but the exact explanation of the phenomenon 
was not wholly clear. 

The polysaccharide, when given in the same quantity, 10 mg., to 
normal guinea pigs, is apparently as innocuous as in normal rabbits. 
Either no change in temperature ensues, or there may be a fluctuation 
within 1°F., and the white blood cells during the course of the 6 or 7 
hours following injection present a t}'pical non-specific curve (R 425). 
The neutrophUic leucocytes after a brief preliminary depression rise 
as the IjunphociTes fall, with a reestablishment of the normal relation- 
ships TOthin 24 hours. The reaction is the same in character and 
time relations whether the subcutaneous or intraperitoneal route is 
chosen. 

In Guinea Pig R 425, after a moderate degree of tuberculosis was induced, an 
intraperitoneal injection of 10 mg. of polysaccharide was followed by a fall of the 
neutrophilic leucocj'tes, Ij-mphocytes, and monocytes and a transitory rise in tem- 
perature with a maximum of 1 .7’. .Apparently, however, there is a point reached in 
the development of the tuberculous infection beyond which the guinea pig becomes 
highly susceptible to this sugar. Guinea Pig R 493 received 0.01 mg. of -vinilent 
H-37 tubercle bacilh on April 5, 1928. Intracutaneous skin tests made on the 
twenty-third of the same month, with Old Tuberculin and tuberculo-protein 304, 
showed -f -f -f and -f reactions respectively at 48 hours; phosphatide A-3, tuber- 
culo-polysaccharide, and physiological saline were negative. On .April 26, 21 
days after the inoculation, 10 mg. of tuberculo-polysaccharide were given intra- 
peritoneally and within 5 hours the animal was dead, the fall in temperature and 
changes in the blood cells being given on Chart 3. At postmortem the animal was 
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found to have extensive tuberculosis of liver, spleen, omentum, and pancreas. 
As compared with Guinea Pig R 425 which survived the polysaccharide, there 
was quantitatively much more extensive tuberculosis in Guinea Pig R 493. 

Inasmuch as this fatal reaction to the tuberculo-polysaccharide is so 
similar to that already mentioned as following the injection of tuber- 
culo-protein 304 (Chart 2), and since it is known that the polysac- 
charide contains nitrogen, probably in the form of protein, further 



studies are under way to test whether the polysaccharide is toxic 
per se or only as a carrier of protein. 

Glucose and pneumococcus type-specific substance III/ when given 
in the same amount to tuberculous guinea pigs as was the tuberculo- 
protein, caused wholly different effects, the granulocytes tending to 

*■ We are deeply indebted to Drs. Avery and Goebel for sufficient of the pneu 
mococcus tj'pe-specific polysaccharide for comparative tests with the tuberculo 
pol>’saccharide. 
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rise within an hour in both instances, the temperature remaining 
constant after glucose, but rising after the pneumococcus sugar. 
Chart 4 (Guinea Pig R 498) contrasts two series of observations on 
the same guinea pig on successive days, the first after pneumococcus 
polysaccharide and the second after tuberculo-polysaccharide in the 
same dosage. On the latter occasion it will be noted that after a 
prolonged precipitous fall in temperature, there was a partial recover}’’. 



The animal was, however, found dead the following morning. In no 
instance in which there has been a marked fall in the temperature 
after the administration of sugar has the animal survived the injec- 
tion beyond 24 hours. On the other hand, it is our experience that 
the animal always survives if the temperature remains constant or 
rises following the injection. 

This very marked sensitization of the tuberculous constitution to a 
specific protein and polysaccharide from the tubercle badllus seems 
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to link closely the allergic state of the disease with these soluble sub- 
stances and tends to show that the phenomenon is not dependent on 
the lipoid fractions. 

Pscudo-Tuherculosis AspergilUna 

During the progress of the biological testing of the various fractions 
from the tubercle bacillus in normal stock rabbits, we have on four 
occasions encountered in the routine autopsies small, translucent, 
subpleural nodules in otherwise apparently normal lungs. These 
solitary nodes from 1 to 2 mm. in diameter were indistinguishable in 
the gross from small tubercles, and inasmuch as fractions from the 
tubercle baciUus had been given in eacli instance, it became of immedi- 
ate importance to ascertain the nature and cause of the lesions. 

Two of the rabbits (R 951 and R 975) had received the protein from the bacilli; 
one (R 945) had been given the unsaponifiable material from the lipoids, and one 
(R 613) had received fatty acid I from the phosphatide, all the injections having 
been by the peritoneal route. Microscopically aU four of these lesions were found 
to be similar in nature, under low power appearing superficially not unlike tubercles 
(Plate 8, Fig. 3). They were small, intra-alveolar collections of epithelioid cells 
(Fig. 4) and leucocytes, sharp!}' circumscribed by the walls of the air sacs. The 
alveolar septa were either not involved or only slightly thickened. Supravital 
studies had confirmed the presence of epithelioid cells in these areas, and mitotic 
figures were not uncommonly found in these cells in the sectioned material. 
Polymorphonuclear leucocytes formed a prominent part of the picture in every 
instance, infiltrating the lesion and being recognizable in aU stages of disintegra- 
tion, both within and without the mononuclear cells. In none of the lesions 
could acid-fast bacilli be stained. There was found, however, in each original 
nodule in the lungs, one or more small, encapsulated, fungus-like structures, two 
of which are indicated by white arrows in Fig. 4, which were identified as pseudo- 
tuberculosis aspergillina or pneumomycosis aspergillina, as described by Seifried 
(13). 

The distinguishing characteristic, aside from the presence of the 
fungus, is the intra-alveolar rather than the intra-septal position of 
the lesion, making a small pneumonic consolidation, sharply delimited 
and surrounded by entirely normal lung. It becomes of importance, 
particularly in the testing of fractions from the tubercle bacillus, to 
be able to recognize these spontaneous tubercle-like lesions in rabbits. 
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In this connection, Dr. F. H. Heise of Saranac Lake, New York, has called our 
attention to a case (No. 5110) of human infection with aspergillina under obser- 
vation for some time at Trudeau Sanatorium, which showed extensive bilateral 
pxilmonar>’ involvement. This patient gave repeated negative reactions to in- 
tracutaneous skin tests with Old Tuberculin in all dilutions up to 0.1 mg., which 
last gave an inflammatory area 6x6 mm. Subcutaneous tuberculin up to 10 mg. 
was repeated twice, and caused no focal or constitutional reaction that could be 
determined. 

Though the cellular reactions to this fungus are so similar to those 
resulting from infection vrith the tubercle bacillus that the lesions are 
spoken of as pseudo-tuberculosis, the allergic state .which accompanies 
the latter is entirely absent in the former, as would be expected. The 
pseudo-tuberde of the fungus infection, together with the chemically 
stimulated tubercular tissue produced by the phosphatide fraction 
from the tuberde bacillus, serves to emphasize the point which we 
have made elsewhere (14), that the allergic reactions in tuberculosis 
are not dependent upon the cellular lesion, the tuberde, per se, but are 
assodated with the more soluble specific proteins and possibly with 
the polysaccharides. These observations support from a somewhat 
different angle the thesis recently advanced by Rich and McCordock 
(15), that resistance and allergy in tuberculosis need not be con- 
sidered as identical. 


SUMMARY 

From these studies we condude that the water-soluble protein from 
the tuberde badllus, when not denatured, is toxic to normal rabbits, 
inducing fever and hemorrhage when introduced intravenously, but 
is not lethal except in massive doses. By the intraperitoneal route it 
is less toxic, but calls forth a local response of leucocytes and phago- 
cytes without any striking proliferation of new connective tissue. A 
damage to endothelium is indicated by hemorrhage, chiefly in the bone 
marrow. Tuberculous gmnea pigs succumb rapidly to protein 304 
when given intraperitoneally. 

The polysaccharide is non-toric when introduced intravenously in 
the normal animal; introduced intraperitoneally, on the other hand, it 
is irritative and each succeeding dose continues to elidt a fresh emigra- 
tion of leucocytes from the vessels. These leucocytes appear to be 
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damaged, for they are actively engulfed by clasmatocytes. Guinea 
pigs with extensive tuberculosis may die soon after subcutaneous or 
intraperitoneal injections of the polysaccharide. 

Aspergillina fungus may produce a pseudo-tuberculous lesion, 
resembling, both macroscopically and microscopically, the cellular 
reaction of tuberculosis. The absence of positive skin tests with Old 
Tuberculin when such lesions are present, as furthermore when 
tubercular tissue has been produced by chemical stimulation with 
the tuberculo-phosphatide, emphasizes the necessity for considering 
tubercle formation as a mechanism apart from allergy in the disease 
tuberculosis. 
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EXPLANATION OF PLATES 
PL-tTE 8 

Fig. 1. Film of omentum of Rabbit R 1023 after twelve intraperitoneal injec- 
tions of 10 mg. of polysaccharide in 10 cc. distilled water. Photographed while 
the cells were living, stained in vital neutral red. X 1,000. It shows three clas- 
matocjdes filled with leucocytes, free leucocytes, and one unstimulated clasmato- 
cyte in the lower right hand corner. The focus is beneath the serosal cells. 

Fig. 2. Film of the same omentum as Fig. 1. In the left hand border is the end 
of a clasmatocjde containing heavily stained granular debris. 



PLATES 




C. A. DOAN, F. R. SABIN, AND C. E. EOEKNEE 


87 


Fw. 3. Section of the lung of Rabbit R 945 showing a pseudo-tubercle due to 
the fungus aspergillina. Stained in hematos>'lin and eosin. X 56. It shows 
the intia-alveolar position of the epithelioid cells. The animal had received twelve 
intraperitoneal injections of the tinsaponifiable substance from the purified wax ' 
from the tubercle bacilli H-37; the lesion was spontaneous and unrelated to the 
injections. 

Fig. 4. Section of the lung of Rabbit R 975 showing the fungus asper^llina, 
opposite the two white arrows, and the nature of the intra-alveolar epithelioid 
cells (lower right hand comer) and free leucoc>'tes. Stained in hematoxj'lin and 
eosin. X 258. The animal had received twelve intraperitoneal injections of 20 
mg. of protein 304-B from tubercle badJli H-37; the lesion was spontaneous and 
unrelated to the injections. 




CHAPTER in 


THE DERR^ATION OF GIANT CELLS mTH ESPECIAL 
REFERENCE TO THOSE OF TUBERCULOSIS 

By CHARLES A. DOAN, il.D., FLOREN'CE R. SABIN, M.D., aot CLAUDE E. 

FORKNER, M.D, 

Plates 9 akd 10 

INTRODUCTION 

The question of the origin and specificity of giant cells found in the 
connective tissues under various pathological conditions has been for 
a long time a controversial one. Their frequencj’' in the lesions of 
tuberculosis has tended to center many of the discussions concerning 
the nature and characteristics of these cells about this disease. Conse- 
quently, when epithtlioid cells and giant cells with peripheral nuclei 
were found in great numbers as a reaction to the injection of lipoids 
from the tubercle bacillus (1), it became important to study this tj'pe 
of ^ant cell which is related to a product of the disintegration of the 
bacilli and to compare it with the giant cells found in tuberculosis and 
under other abnormal or pathological conditions. 

While the name of Langhans has come to be associated only Yath the type of 
giant cell with peripheral nuclei, which is so frequently a characteristic of tubercu- 
lous lesions, this author described also the type with scattered nuclei. His studies 
(2) were made with fresh, teased preparations, so he avoided the pitfalls encoun- 
tered by subsequent workers who used only sections. Recently Medlar (3) has 
overcome the difficulty of attempting to judge the distribution of nuclei 
from one section by reconstructions of selected cells from serial sections. He 
concludes from his own observations, as does Haj'thom (4) after a compre- 
hensive review of the literature, that the available histological criteria do not 
justify a separate classification of the Langhans tj'pe of giant cell with peripheral 
nuclei from the foreign body type with scattered nuclei. WTiile it is true that 
many giant cells appear in sections to be transitions between these two types, yet 
the identification of a rosette of vacuoles as the essential characteristic of the 
cytoplasm of the monocyte (5, 6) and now of the Langhans U'pe of giant cell as 
well, may give adequate criteria for such a separation and may open the way to 
an experimental study of the factors producdng giant c^ells. 

S9 



90 


DERIVATION OF GIANT CELLS OF TUBERCULOSIS 


The cellular structure of a simple tubercle is well known to be a 
central core of epithelioid cells with one or more Langhans giant cells, 
the whole frequently surrounded by a capsule of lymphocytes. Our 
work in tuberculosis has shown, first, that the epithelioid cell, so 
abundant in the lesions of this disease, is derived from the monocyte 
by an accentuation of the rosette of tiny vacuoles; and second, that the 
epithelioid cell in turn gives rise to the Langhans giant cell by an 
increase in the number of nuclei. Thus we prefer to designate this 
type of giant cell an epithelioid^ ox rosette giant cell, meaning to indicate 
that it is merely an epithelioid cell with more than one nucleus. 

A considerable variety of epithelioid giant cells are shown on Plate 
9, in Figs. 1, 4, 6, 7, 9, and 10. All are characterized by a rosette 
of vacuoles of an approximately uniform size. In general the vacuoles 
of the epithelioid t3q>e tend to be somewhat smaller than those of the 
monocyte and they may become as fine and dust-like in the rosette of 
the giant cell as are those of the cell shown in Fig. 7. There are fre- 
quently a few larger vacuoles in the periphery of the rosette as in the 
monocytes; see for example. Figs. 1, 9, and 10. In the cell of Fig. 1, 
the vacuoles were demonstrated through the reaction to trypan blue 
given by repeated intraperitoneal injection, while in all the other cells, 
the rosette was brought out by the supravital reaction to neutral red. 
No specific stain visualizes the rosette in fixed tissues, except neutral 
red as retained by special fixation (7-10), but the zone of the rosette 
stains faintly acidophilic. In the unstained living cell, the rosette 
appears as finely granular material around a clear area, the centro- 
sphere. This appearance was recognized by Langhans in his origi- 
nal study. 

Considering the rosette as the characteristic structure of this type of 
giant ceU, it will be noted that the nuclei are peripheral to the rosette, 
making as it were an encasing sphere around it. The ratio of the size 
of the rosette to the diameter of the cell will determine whether the 
nuclei are at the periphery of the cell itself, as in Fig. 4, or internal to a 
wide exoplasm, as in Figs. 1 and 6. The difficulties of determining the 
type of giant cell in sections can be seen readily by comparing the cells 
of Figs. 2 and 10. In the case of the epithelioid giant cell of Fig. 10, 
the nuclei could be made to appear unipolar, circumferential, or scat- 
tered according to the plane of section. 
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There is considerable evidence that the multiple nudei of the epi- 
thelioid giant cells come from amitosis of the nudeus of the epithelioid 
cell. It is in the monoblasts and the early monocytes that the most 
frequent mitoses are found, when one studies tuberculous lesions and 
tubercular tissue produced by lipoids from the tubercle bacillus. 
Young epithelioid cells also divide by mitosis, as can be seen in the 
example given in Fig. 5 of the first chapter, Plate 2; but we have 
never found an epithelioid giant cell showing a mitotic figure. More- 
over, in cells such as the one of Plate 9, Fig. 7, which is an epithelioid 
giant cell from the tibial bone marrow of a rabbit (R 1124) dydng from 
tuberculosis, direct evidence of amitosis is shown. One of the nudei 
shows a considerable constriction, another had probably just divided 
with a second constriction in one of the resulting two, while a third 
nudeus shows another amitotic fission in progress. These nudear 
appearances are identical with those seen in the cells of the blood from 
a case of subacute, myeloblastic leucemia, described some years ago 
(11), in which amitotic divisions were followed repeatedly from the 
beginning constriction to complete separation. It seems to us possi- 
ble that it is the gradual isolation of the centrosome by the increas- 
ing size of the rosette of vacuoles which finally inhibits the process 
of mitosis in the epithelioid cell and thereby necessitates any increase 
in nudei by amitosis. 

Assodated with the concept that the Langhans giant cell is derived 
from a single epithelioid cell, is the observation that this type of giant 
cell has a limited range of size and a limited number of nuclei. 
Rarely have we found a rosette giant cell with more than twenty nudei ; 
the cell of Fig. 10 has twenty-two. In contrast, the non-rosette type 
of giant cell frequently has as many as a hrmdred or more nudei. 
The range of size of the Langhans giant cells is well represented on 
Plate 9, from the epithelioid cell of Fig. 5, which is 8 to 12 microns in 
diameter, to the cell of Fig. 9, of about 60 microns. There is no such 
limit to the size of the foreign body type of giant cell and the one of 
Fig. 2 is by no means the largest we have seen. 

The foreign body types, in contrast to the rosette ^ant cells, are 
without cytoplasmic pattern. Forkner (12) has demonstrated that 
this tyqje of giant cell may' be formed by the fusion of cells, most com- 
monly by the fusion of monocytes. For this group, the non-rosette 
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type formed by fusion of cells, we are retaining the usual name, 
foreign body giant cell, without in any way meaning to signify that the 
epithelioid giant cell is not also formed in response to the phagocytosis 
of foreign material, since in tuberculosis it does develop in response 
to lipoids foreign to the body. 

Giant Cells in Tuberculosis 

With the identification of the Langhans giant cell as a multinucle- 
ated epithelioid cell, it becomes clear that, in so far as the epithelioid 
cell, either in tubercles or diffusely scattered in the tissues, can be 
considered as characteristic of tuberculosis, its derivative, the epi- 
thelioid giant cell, can also be considered characteristic. Wherever 
the proliferation of new epithelioid cells occurs in abundance, as in 
tuberculosis, or in the reaction to tuberculo-phosphatide, giant 
cells with an identical cytoplasmic structure may appear. 

If it is true in tuberculosis that the epithelioid giant cells are simply 
modified epithelioid cells formed in response to lipoids liberated from 
disintegrating tubercle bacilli, then this type of giant cell should be 
the first to appear in the early primary reaction to the infection before 
there is caseation, or extensive necrosis of tissues, or superimposed 
secondary infection. When any of these latter conditions exist, the 
reaction is no longer that of the tissues to the tubercle baciUus or its 
lipoids alone. Corresponding to the more complex nature of the 
stimuli, cellular responses of increasing variety occur, and giant cells 
of much larger size and lacking all pattern in nuclei and cytoplasmic 
structure appear, together with clasmatocytes and neutrophilic leuco- 
cytes. These “foreign body” giant cells we have found in tuberculous 
areas in direct proportion to the amount of tissue destruction and 
necrosis present. We have studied the relative incidence of the two 
types of giant cells in acute fulminating tuberculosis as contrasted 
with their incidence in the more chronic disease, and in the various 
organs showing lesions. 

In the supravital preparations differential counts of the giant cells have been 
readily made, and subsequently in the fi.ved tissues a correlation has also been 
made of the distribution and location of giant cells with reference to tubercxilous 
foci. Of five rabbits (R S49, R 855, R 877, R 856, R 876) dying within 15 to 30 
days after intrav'enous injections of from 0.5 to 0.75 mg. bovine tubercle bacilh, 
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Strain B-1, three showed only epithelioid giant cells in scrapings from the lungs, 
and no foreign body types; the fourth showed only one foreign body (non-rosette) 
giant cell in several preparations studied from the lung, as contrasted with numer- 
ous epithelioid giant cells, and only epithelioid giant cells in spleen and marrow 
surveys; the fifth, dying at 2S days, while showing a great preponderance of rosette 
giant cells in the lung, still contained frequent non-rosette giant cells as weU. 

It is interesting to analyze the fixed tissues in the rabbits which 
showed this difference in giant cell content in the supravital studies. 
In the first place, the rosette or epithelioid giant cell is usually present 
in direct association with epithelioid cells, either in the center, or as an 
integral part, of a tubercle. In the early stages of tuberde formation 
in the rabbit, the various phases of the rosette cell from monocyte to 
multinudear epithelioid cell dominate the reaction (13). 

The giant cells which appear first are few, epithelioid in t 5 rpe, rela- 
tively small, and not assodated with any visible evidence of tissue 
destruction. This simple condition may not persist long. "Rffien 
degeneration of epithelioid cells starts within a tuberde with infiltra- 
tion of leucocytes, or when the growing tuberde causes a pressure 
necrosis on surrounding tissue or organ cells, both conditions involving 
a lowering of resistance to secondary bacterial invaders, the stimuli 
become multiple and the reactions correspondingly more complex. 
It is at this point that non-rosette giant cells appear, probably in 
response to larger increments of debris to be phagocytized and dis- 
posed of, followed by the more chronic infiltration of l 3 Tnphocytes, 
again possibly in the attempt to limit the dissemination of the noxious 
products of bacterial and tissue destruction. Thus the foreign body 
giant cells appear relatively later in the course of the disease and are 
found more frequently at the periphery of the tuberde proper, unless 
extensive caseation has resulted in their wandering into the area of 
degeneration in a phagocytic capadty. In the fifth rabbit of the series 
mentioned above, a somewhat more extensive state of caseation in the 
pulmonary tuberdes, as revealed by a survey of the sections, substan- 
tiates, in some degree at least, the relationship of this factor to the 
increased numbers of non-rosette giant cells in this animal. 

In this connection it is significant that the limgs as seen in rabbits 
experimentally infected with tuberculosis contain, espedally in the 
rnore chronic stages of the disease, more of the foreign body type of 
giant cells than any of the other tuberculous organs. 
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For example, in one survey of this kind (R 1124~killed 62 days after 5,000,000 
B-1 organisms intravenously), in which giant cells were being particularly noted, 
of 25 such cells counted in the supravital preparations from the lungs, 7 were of 
the foreign body or non-rosette type; the peribronchial nodes and tibial bone 
marrow showed 4 foreign body to 21 epithelioid giant cells; the spleen, 3 foreign 
body to 22 rosette giant cells; and the popliteal lymph nodes, humeral and femoral 
bone marrows showed only the epithelioid tj^pe of giant cell. The hiunerus ex- 
hibited 25 epithelioid giant cells to 3 megacar}'ocytes and no foreign bod)’" giant 
cells. In three rabbits (R 734, R 954, R 955), surviving for from 100 to 196 daj’s, 
preparations from the lungs, in which chronic tuberculous lesions were present, 
showed both kinds of giant cells, though the epithelioid type predominated; the 
kidneys, however, showed in the supravital preparations only the epithelioid type. 
The tendency to destruction of lung tissue and captation in chronic 'pulmonary 
tuberculosis probably accounts for the frequenc}' with which different t3'pes of 
giant cells have been encountered in this organ in the disease, and for the conclu- 
sion so frequenti}’' drawn that there is therefore no basis for attributing significance 
to any particular kind of giant cell in tuberculosis. 

The observations given above with the detail limited to a few 
selected experiments are representative of the studies carried on in this 
laboratory during the past 5 years upon much larger numbers of ani- 
mals, under a wide variety of conditions centering about e.xperimental 
tuberculosis. 

It would seem clear that in tuberculosis the Langhans or rosette 
giant cell can be considered, together with the epithelioid cell, as a 
direct reaction to the freeing of certain lipoids, notably the phospha- 
tide and certain fatty acids, from disintegrating tubercle bacilli, while 
in general the reactions in which foreign body giant cells appear are 
the result of multiple and much more complex stimuli. 

G/anl Cells after Tuber cnlo~P has phatide 

In a preceding chapter (14), we have presented evidence show- 
ing that certain lipoids from the tubercle bacillus produce the 
epithelioid cell and tubercle-like structures characteristic of the 
disease. It is with the giant cells found in response to these lipoid 
fractions that the interest centers here. 

Comparable phosphatide fractions (A-3) from human, bovine, and 
a\’ian tubercle bacihi have all given the reactions in the tissues char- 
acteristic of tuberculosis, that is to say, epithelioid cells distributed 
diffusely and in clumps resembling tubercles, together with typical 
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rosette giant cells having peripherally placed nuclei. Repeated su- 
pravital surveys of omentalspreadsandtissuescrapmgsfromnumerous 
animals have shown a marked predominance of rosette giant cells, with 
but few foreign body types. Indeed, in these esperiments the number 
of the rosette giant cells has far exceeded anything we have ever seen 
in the disease itself. 

For e-xample, the IjTiiph node illustrated in Fig. 13, Plate 4 (14), contained -what 
might be called an almost pure culture of Langhans’ giant ceUs. The extreme num- 
ber of giant cells found in these reactions with the fractions is probabh' due to 
the fact that the amo-ont of tuberculo-Iipoid concentrated in the tissues is cn-er- 
whehningly greater than that ever liberated in the disease in the same period of 
time at any one focus. 

The cells of Figs. 4 and 5 have been drawn from a supravitaUy' stained spread of 
the omentum of Rabbit R 684 after intraperitoneal injections of avian phospha- 
tide. It will be seen that the multinudeated cell (Fig. 4) has a massive, unified, 
central rosette, an accentuation of that seen in the epithelioid cell of Fig. 5, in 
contrast to the foreign body giant cells of Figs. 2 and 3. The nuclei are far out 
toward the periphery' of the cell, presumably crowded out to this position by' the 
material constituting the rosette. Many of the nuclei have conspicuous nucleoli. 
This cell is identical with the epithelioid giant cells found after the administration 
of the other phosphatides, and in tubercxilous processes. The epithelioid cell 
(Fig. 5) is likewise typical of those found in tuberculosis. The fixed sections of 
the tissues from this animal, as in the others receiving phospholipin, demonstrated 
the presence and domination of these cell types, in arrangement closely simulating 
tuberculous tissue. 

When the phosphatide was ^ven intraperitoneally in large doses, the reaction 
in the tissues could not be considered as exclusively due to the ph(Kphatide, 
because leucocy'tes were always called from the vessels by the first injection and 
were phagocytized and destroyed. In a series of experiments to be reported subse- 
quently' in greater detail (15), the phosphatide was given intravenously in small 
antigenic doses and some of the animals used demonstrated the specific reaction 
to the phosphatide entirely uncomplicated by' any other processes. In these 
animals there were small, scattered foci of epithelioid cells and rosette giant cells, 
or single epithelioid giant cells in an otherwise entirely normal lung, Ivmph node, 
or spleen. This material furnishes the most unequivocal evidence of the direct 
specific relation of the epithelioid cell and the corresponding giant cell to the 
phosphatide as stimulus. A single giant cell from the lung of one of these intra- 
venously treated animals is reproduced in Fig. 9, Plate 9. The rabbit (R 844) had 
received three doses of 10 mg. each of the phosphatide A-3 from human strain 
H-37 at 5 day' intervals. In this giant cell it will be seen that one nucleus lies 
within the mass of neutral red staining bodies, the remainder of the nuclei being 
peripherally' placed. This is e.xplainable upon the three-dimensional aspect of 
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the unsectioned spherical cell; the less dense area in the center of the cell indicates 
the presence of a centrosome about which the neutral red bodies group cliaracter- 
istically in the rosette cells. The presence of ingested carbon particles within the 
l^ger vacuoles found so commonly in the phagocytic cells of the lungs helps to 
identify the organ source of this particular cell and also emphasizes the point that 
both macrophages or dasmatocytes and rosette cells of the monocyte strain may 
contain these carbon particles. Nudeoli were very prominent in the majority of 
the nuclei in this cell. No t 3 ^ical foreign bod}'-, non-rosette, giant cells were 
found. 

From the foregoing it will be seen that the phosphatide from the 
tubercle bacillus introduced into the tissues produces a marked pre- 
dominance of epithelioid cells and epithelioid giant cells with a minimal 
number of foreign body giant cells, in this respect closely approximat- 
ing early non-caseous tuberculosis; while introduced in small doses 
intravenousty, it may give a pure reaction of mono- and multinucleated 
epithelioid cells. 

Giant Cells from the Other Lipoid Fractions from Tubercle Bacilli 

The formation of giant cells following the injection of the other lipoid 
fractions accompanied a more complex reaction in the tissues. Either 
the formation of epithelioid cells predominated, in which case the 
rosette giant cell likewise predominated; or there was about an equal 
distribution between the two types of giant cells and fewer epi- 
thelioids; or the non-rosette type was in greater numbers. The chem- 
ical analysis of the lipoid is outlined in Table I of the first chapter 
(14). There it will be seen that certain saturated fatty acids were 
isolated from each of the four original fractions and carried the 
specific tendency toward the formation of the epithelioid cell. This 
was only true when these fatty acids were finely dispersed in mineral 
oil, for when introduced undiluted, they were corrosive in action. 

In the case of the fattj'' acid from the phosphatide, all the giant cells seen in the 
fresh preparations were small and of the rosette tj'^pe; in sections of this material, 
however, only about half of the giant cells have the typical nuclear arrangement 
of the Langhans type, while the remainder are like the giant cells shown in the 
upper part of Fig. 16 and the lower part of Fig. 17 on Plate 5 of the first 
chapter (14). That is to say, they show nuclei in a dense mass, rather than in 
the peripherj’- of the cell. From the supravital studies it seems likely that this 
appearance is due to the plane of section and that these giant cells were for the 
most part of the rosette t 3 ’pe. 
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In the analysis of the fatty adds, Dr. Anderson fractionated those 
from the glycerides into tvro components, tuberculo-stearic add and 
phthioic add. 

The tuberculo-stearic acid was followed by the production of the two tj-pes of 
giant cells in about equal niunbers and the phthioic add induced predominantly 
the rosette tj’pes (Fig. 6, Plate 9). Fig. 6 is a cell taken from the omentum (R 
918) after intraperitoneal injections of fatty add IV and illustrates some of 
the variations which are often found in these cells. Refractive, even sized, rm- 
stained vacuoles are scattered in the cytoplasm at the periphery of the cell. The 
nudei are not arranged quite so definitely at the periphery of the rosette, three of 
them being shown underneath and apparently invading to some extent the dense 
central pattern of neutral red bodies. 

Fig. 10 represents one of these rosette giant cells taken from the omentum of 
Rabbit R 92 1 which receded fatty add V. It is one of the largest of the epithelioid 
type we have encoimtered, contaimng 22 nudei, asymmetrical in size and arrange- 
ment, surrounding a rosette of neutral red staining bodies smaller in circum- 
ference than is commonly found in a cell of this size. The nudei, which 
almost all contain prominent single nudeoli, are arranged in single, double, or 
triple layers dosely surrounding the rosette. The periphery of this rosette shows 
larger vacuoles with and without the stain, a common finding in the rosette ceUs. 

The chemical analyses gave an opportunity to study the reactions 
of the tissues to a large molecule and then to its component parts. An 
interesting example of this is the effect of the purified wax and its two 
components, the tmsaponifiable substance and fatty add n. 

Differential counts of the giant cells after administration of the purified wax 
(in R 937) showed ten epithelioid giant cells to every one of the foreign bodj^ type. 
This tendency was carried directly by fatty add II which gave rise to the giant 
cells, on Plate 6. They were espedally typical of those seen in the infection. The 
unsaponifiable material (in R 945), on the other hand, produced as much new tis- 
sue as the phosphatide, but this was non-specific in type, and the counts of the giant 
cells were the reverse of the above, namely, ten to one in favor of the foreign 
body ty’pe. The same relationship of giant cell types was foxmd with the soft wax 
(in R 948). After both of these materials, the serosal cells were markedly irritated 
and there were many highly phagocytic dasmatocytes in the omentum. 

Oleic and palmitic adds were found in the phosphatide molecule and, as already 
mentioned, an isomer of stearic acid in the glycerides. Of these three fattj’ acids, 
oleic add proved on biological testing (R 1024, R 1025— ttrelve injections of 0.1 
cc. each) to be the most irritating to the tissues of the peritoneal cavit%'. Neutro- 
phihc leucocytes, highly phagocj-tic dasmatoc>'te3, and serosal cell irritation 
dominated the reaction ; few monocj'tes and no epithelioid cells were found. Only 
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occasional foreign body giant cells were present. Palmitic acid also proved to 
be primarily an irritant with an increased activity of the clasmatocytes. Few 
monocytes were found and only one small rosette multinucleated cell was seen in 
two animals studied (R 1026, R 1028 — twelve injections of 16 mg, each in mineral 
oil). Stearic acid, however, produced upon the injection of from 60 to 240 mg., 
in divided doses in mineral oil (R 1057, R 1058, R 1059), a minimal but appreciable 
reaction of monocytes with occasional epithelioid cells and small epithelioid giant 
cells. A few neutrophilic leucoc\'tes, a moderate number of clasmatocytes, and 
an occasional foreign body giant cell completed the cellular detail of the moderate 
reaction to this fatty acid. There was a marked difference in the size of individual 
giant cells, those with a central rosette being very much smaller than the ones 
without this definite C3doplasmic pattern. 

Glycerol was also used as a control for these tuberculo-lipoids. lITien it was 
given in doses comparable to those of the fatty acids, the reaction (in R 640) was 
found to be mild, but with epithelioid cells and a few small accompanying rosette 
giant cells present. 

From this study of the tuberculo-lipoids, it is clear that there are 
certain fractions, notably the phosphatide and certain fatty acids, 
which give a direct stimulus to the formation of epithelioid giant cells. 
It is our opinion that this reaction is due to the phagocytosis of the 
lipoid. On the other hand, there are certain partitions of the lipoid, 
notably the unsaponifiable material and the soft wax, which produce 
predominantly foreign body giant cells. As yet we have no crucial 
experiment, such as the one with small intravenous injections of the 
phosphatide, to analyze whether these foreign body giant cells have 
been produced as a direct response to these fractions, or indirectly 
through tissue irritation. 

Reaction to Different Menstrua Used for Introducing Substances 
into the Peritoneal Cavity 

We have never found multinucleated cells in the normal omentum 
(14). When distilled water (in R 709) or physiological salt solution 
(in R 730) is repeatedly injected into the peritoneal cavity of normal 
rabbits no evidence of irritation or cellular stimulation is seen on 
casual inspection. Microscopically a slight increase of phagocytic 
activity on the part of the clasmatocytes of the inter-milk spot areas 
may be noted, and among the monocytes normally present in milk 
spots there is an occasional epithelioid cell, mono- or binuclear. No 
giant cells of any type, however, are present. Consequently, these two 
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menstrua are the dfluents of choice for the carrying of vrater-soluble 
substances into the tissues for an assay of their biological activity. 
In the case of the fatty acid fractions and certain other of the lipoid 
fractions from the tubercle bacillus, it has, however, been necessary 
to use other vehicles. In the search for a bland non-irritating oil with 
which to dilute the more irritating corrosive fatty adds we have 
tested intraperitoneally olive and mineral oils among others. The 
reaction to repeated injections of olive oil has varied somewhat with 
the individual animal. 

Olive oil has given a marked irritating effect, but the cellular response has 
ranged from a predominant reaction of clasmatocytes and neutrophilic leucocytes 
with numerous large foreign body giant cells (R 338, R 341) at the one extreme, to 
a mked reaction in which monocytes, epitheh’oid cells, and rosette giant cells 
equalled or exceeded in number the cells comprising the less characteristic reac- 
tion (R 665, R 829; see protocols, page 57). 

In Rabbit R 665 (see protocol, page 57) both tiqies of giant cells were 
abundant; the foreign body type was very large with frequently more than 100 
nuclei in a single cell; the epithelioid giant cells were relatively small with less 
than 20 peripherally placed nuclei. Careful comparative study failed to re\'eal 
any distinguishing differences in the size or character of the nuclei in the two 
types of giant cells which were often present in the same oil immersion field of 
the microscope. Monocytes with rosettes of normal size and character were 
numerous, and epithelioid cells were relatively fewer. 

A comparative study of the character of the cytoplasmic bodies 
appearing in the two types of giant cells was provided through the 
mixed character of the cellular response to olive oil. Rabbits were 
injected at the same time with trypan blue by various routes and the 
cellular reaction to olive oil plus this vital dye was studied in unstained 
and supravitally stained preparations. 

For example. Rabbit R 940 received nine daily’ intraperitoneal injections of 5 
cc. each of olive oil, and during the same period by the same route seven injections, 
each of 4 cc. of a 1 per cent aqueous trypan blue solution, at 48 hour inteivals. 
The anunal was autopsied 12 days after the beginning of the experiment, at 
which time it was intensely blue, more specially in the tissues of the peritoneal 
cavity. The omentmn showed considerable thickening at autopsy. On micro- 
scopic examination a great many giant cells were seen. Over half of the multi- 
nucleated cells contained unified central rosettes of fine trypan blue bodies with 
peripheral nuclei as illustrated in Fig, 1, while the remainder had scattered nuclei 
and larger segregation vacuoles similar to those seen in Fig. 2. 
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It is evident that the tr)rpan blue in the epithelioid giant cell has 
been segregated into the “finely granular” apparatus, which was 
described originally by Langhans as a characteristic of the unstained 
epithelioid cells, and which the neutral red only makes more apparent 
as a typical cytoplasmic rosette. The trypan blue here makes promi- 
nent the apparatus of the cell in the same manner. When such cells 
as that shown in Fig. 1 were subjected to neutral red, introduced so 
that the process of staining could be watched with the oil immersion 
lens as it occurred, only the bodies already showing the trypan blue 
became purple and then violet as the neutral red superimposed itself 
upon the original dye. This phenomenon as just described for the 
rosette giant cells, applied in every particular to the reactions observed 
in the epithelioid cells of the same preparations, many of which contained 
the dye. In sharp contrast to the finely divided state of the trypan 
blue as found in the group of cells just mentioned, the numerous 
clasmatocytes or macrophages of the omentum were heavily laden 
with large, coarse, irregular aggregations of the dye, which had no 
typical pattern to their distribution in the cytoplasm. The large 
foreign body giant cells, likewise, showed scattered accumulations of 
blue dye, some of it finely divided but much of it in larger flocculations. 
There was evidence in some of the foreign body giant cells of an appar- 
ent fusion of mononuclear cells, identified in many instances as mono- 
cytes by individual rosettes still adjacent to their original nuclei. 
These observations lend support to the theory that foreign body giant 
cells are the product of the fusion of mononuclear cells many of which 
are of the monocyte type. The individual rosettes instead of fusing 
into one large central rosette to make an epithelioid giant cell lose 
their identity shortly after joining with others and the nuclei assume 
positions without an evident pattern within the larger cell. The bone 
marrow and lymph nodes of this animal showed only clasmatocytes 
(macrophages) taking up the trypan blue. The developing monocytes 
in the peripheral lymph nodes contained none of the trypan blue. 
This is in conformity with the observation that clasmatocytes and 
foreign body giant cells take up the dye much more readily than do the 
monocytes or epithelioid cells, which must be subjected to repeated 
direct contact with large quantities of the dye before showing the type 
of reaction just described, and shown in Fig. 1. The fixed sections 
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confirmed the findings disclosed by the supravital studies. Sections 
prepared and stained with Giemsa illustrated the unified central area 
of the epithelioid giant cells, whereas the cj’toplasm of the foreign 
body giant cells gave evidence pointing toward their development as a 
result of the fusion of individual mononuclear cells, monocytes, and 
macrophages. 

With mineral oil (Nujol), rabbits (R 660, R 661, R 662, R 663, 
R 1030, see protocols, pages 58, 59) varied in the amoimt of reaction to 
a given dosage as had those treated with olive oil (14) ; there was, 
however, never as much irritation with the former as with the latter. 

Usually the peritoneal cavity showed little macroscopic evidence of reaction, the 
omentum having only a slight increase in number and size of millr spots. Both 
monocytes and clasmatocytes with occasional giant cells of both tj^pes represented 
the rtuld increase of cells found in the omentum. Most of the cells were filled 
with droplets of the injected oil, but there was little evidence of other embarrass- 
ment of the tissue in coping with the foreign material. In one animal (R 661) the 
predominant reaction was of clasmatocytes and fibroblasts with three giant cells 
of foreign body tj^e to every epithelioid giant cell. No intermediate or equivocal 
types of giant cells were encountered. In going over one entire preparation from 
another rabbit (R 662), ten rosette cells with three or more nuclei were found 
to two foreign body types. In still another (R 663), sis rosette giant cells con- 
taining from three to sk nuclei were seen in covering some fortj' microscopic 
fields, and a like number of foreign body giant cells were encountered. 

In general, the reaction to mineral oil was a mild, mixed one, 
clasmatocytes vying with monocytes for dominance, and these being 
accompanied by undifferentiated cells, and by giant cells of both 
types, containing oil droplets. 

Giant Cell Reactions to Typical Foreign Bodies 

To complete this survey of giant cell specificity, we included a study 
of the reactions, as analyzed by supravital stains, to three substances 
typically representative of the foreign body type, agar-agar, aleuronat, 
and lycopodium spores. The first material, while relatively resistant, 
can be eventually handled and probably completely absorbed and 
removed by the body cells. The second has in the past been used 
primarily to elicit a response of neutrophilic leucocytes through its 
property of sterile, chemical irritation. The third is a non-absorbable, 
foreign spore against which the tissues protect themselves without 
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elimination of the irritant. The relative sizes of the particles making 
up the two last mentioned substances may have influenced to some 
extent the differences observed in the respective reactions. 

When sterile, warm, plain agar at pH 7.4 in a state that is just fluid is introduced 
in small amounts into the subcutaneous tissues it soon becomes well walled ofi 
with connective tissue. 7 days after the subcutaneous injection of agar into the 
abdominal wall at four points, and into the right groin, of Rabbit R 646, a biopsy 
(with ether) was performed and one of the abdominal areas e.xcised for study. A 
scraping from the tissue about the agar showed that a great majority of the cells 
possessed granules or vacuoles of irregular size and shape, which were not dis- 
tributed in any uniform pattern in the cytoplasm. Only a small percentage of 
the stained cells appeared to be monocytes though there were a few epithelioid 
types. Very few polymorphonuclear neutrophils and no lymphocytes were seen. 
Among the many foreign body giant cells were a considerable number of un- 
stained cells of irregular shape, some branched and some with multiple nuclei. 
The character of these ceils was not clear, and whether they were the precursors of 
the foreign body giant cells could not be determined from this tissue. The fixed 
sections of the tissue showed the breaking up of the agar by the invasion of strands 
of cells, most of which were in the form of large, foreign body giant cells, apparently 
attempting to surround and isolate smaller masses of agar. 

7 days after the biopsy and 14 days after the agar injections the animal was 
killed and autopsied. The tissue from the inguinal region showed many mononu- 
clear cells with hazy, amorphous granules or vacuoles such as had been seen in the 
biopsy material. There were many giant cells of the foreign body type with 
even sized nuclei scattered through the cytoplasm. Among the nuclei were many 
bodies both stained and unstained by the supravital dyes. A considerable number 
of clasraatocytes were present and many oil immersion fields contained from two 
to ten monocytes. The tissues from the subcutaneous areas on the abdominal 
wall were quite similar except for the presence of fewer monocytes. 

Rabbit R 644 was injected intraperitoneally with 11 cc. of sterile, plain agar 
and in the abdominal musculature with 5 cc. 14 days later the animal was killed 
by the intravenous injection of air. A mass of sharply circumscribed agar w’as 
found in the abdominal musculature without evidence of reaction other than the 
connective tissue capsule immediately surrounding it. In the abdominal cavity 
were several small pieces of free agar, in addition to those embedded in the omen- 
tum. The latter organ was considerabl)’ thickened and moderately injected, but 
no general peritoneal irritation was present. The spleen was about twice normal 
size and on its surface were a few translucent nodules. No other gross abnormali- 
ties w’ere detected. 

Microscopic examination of the living cells around the agar in the abdominal 
wall showed the presence of many monocytes. Some tjpical epithelioid cells 
were encountered, a few with two. three, or more nuclei placed peripherally about 
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the central rosette. There were, however, many more of the foreign body giant 
cells found as a part of this reaction, the differential count revealing twentj'-one 
of this t>'pe as contrasted lirith eight of the rosette or epithelioid tj-pe, the former 
being in each instance much larger than the latter when individual ceUs were 
compared. WTiile the two t>'pes were usually not to be confused, as judged by the 
differential criteria previously given, occasional cells were found which did not 
belong clearly to either type. 

The predominating cell in the scraping from the omentum was the monocj-te. 
A few were seen with accentuated rosettes, the so-called epithelioid cells. Tj^pical 
epithelioid giant cells were present, but they rarely contained more than four or 
five nuclei. On the other hand, there were a great many foreign body giant cells, 
most of which contained many nuclei, and much neutral red staining debris. 
Fig. 3 represents a cell taken from the omentum of this rabbit and illustrates the 
similarity which erists between this type of giant cell and those found secondary 
to other irritants, Figs. 2 and 8. The milk spots in a spread of the intact omentiun 
were somewhat increased in size, but apparently not increased in number. Some 
of the milk spots were made up predominantly of dasmatocj’tes and others of 
monocytes. Both epithelioid giant cells and foreign body giant cells were present 
in some of the milk spots. 

This experiment, as well as many others of similar nature, has con- 
vinced us that when bland substances are introduced, giant cells of 
either of the types under consideration may be found without necrosis. 
Under pathological conditions it is probable that foreign body giant 
cells are only formed secondarily to areas of necrosis or caseation. 

.A differential count of the peritoneal fluid from the animal under discussion 
showed 74 per cent monocytes, 15 per cent clasmatocytes, 3.5 per cent lympho- 
cytes, 3.5 per cent neutrophils, 3 per cent serosal cells, and 1 per cent unclassified 
cells with a total coimt of 5,600. 

A study of the fixed tissue in section showed again the agar infiltrated with 
ceUs and in the process of being broken up into fragments of various size and 
shape. Many of the smaller fragments were completely surrounded by giant 
cells, which were for the most part very large, with nuclei scattered without 
pattern through the cytoplasm. The areas of the omentum which were free of 
agar were entirely normal and uninvolved in the local reaction. The other ab- 
dominal organs showed no significant changes from the normal. 

The recogmtion in these preliminary studies of a phase of monocyte 
stimidation in the general tissue reaction to agar suggested to one of us 
(12) the possibility of producing, if sufficient foci could be established, 
a monocytosis in the peripheral blood similar to that observed in 
tubercmlosis. 



